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ON THE KALEIDOSCOPK 



INTRODDCTIOir. 

HISTOBY OF THE KALEIDOSCOPB. 

The name Ejlleidosoope, which I have given to a new 
Optical Instrument, for creating and exhibiting beautifitl 
forms, is derived from the Greek words xaU;, heavJtifid ; 
sTdog, a form; and trxovM, to see. 

The first idea of this instrument presented itself to me 
in the year 1814, in the course of a series of experiments 
on the polarization of light by successive reflexions be- 
tween plates of glasSy which were published in the Phir 
losophiccU Transaction* for 1815, and which the Royal 
Society did me the honour to distinguish by the adju* 
dication of the Copley MedaL In these experiments, the 
reflecting plates were necessarily inclined to each other 
during the operation of placing their surfaces in parallel 
planes; and I was therefore led to remark the circular 
arrangement of the images of a candle round a centre, and 
the multiplication of the sectors formed by the extremities 

A 
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2 mSTOBY OF THE KiLEIDOSOOPE. 

of the plates of glass. In consequence, however, of the 
distance of the candles, &c., from the ends of the reflectors, 
their arrangement was so destitute of symmetry, that I 
was not induced to give any farther attention to the 
subject. 

On the 7th of February 1815, when I discovered the de- 
velopment of the compleoDQentary colours, by the successive 
reflexions of polarized light between two plates of gold and 
silver, the effects of the Kaleidoscope, though rudely exhi- 
bited, were again forced upon my notice ; the multiplied 
images were, however, coloured with the most splendid 
tints ; and the whole effect, iihough inconceivably inferior 
to the creations of the Kaleidoscope, was still far superior 
to anything that I had previously witnessed. 

In giving an account of these experiments to M. Biot 
on the 6th of March 1815, I remarked to him, << that 
when the angle of incidence (on the plates of silver) was 
iibout 85° or 86°, and the plates almost in contact, and 
inclined at a very small angle, the two series of reflected 
images appeared at once in the form of two curves ; and 
that the succession of splendid colours formed a pheno- 
menon which I had no doubt would be considered, by 
^veiy person who saw it to advantage, as one of the most 
beautiful in optica" These experiments were afterwards 
repeated with more perfectly polished plates of different 
metals, and the effects were proportionally more brilliant ; 
but notwithstanding the beauty arising from the multipli- 
cation of the images, and the additional splendour which 
was communicated to the picture by the riichness of the 
polarized tints, it was wholly destitute of symmetry, as I 
was then ignorant of those positions for the eye and the 
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HISTORY OP THE KALEIDOSCOPE. 3 

objects, which are absolutely necessary to produce that 
ma^cal union of parts, and that mathematical symmetry 
throughout the whole picture, which, independently of all 
colouring, give to the visions of the Kaleidoscope the pecu- 
liar charm which distinguishes them from all artificial crea- 
tions.^ 

Although I had thus combined two plain mirrors, so as 
to produce highly pleasing effects, from the multiplication 
and circular arrangement of the images of objects placed 
at a distance from their extremities, yet I had scarcely 
made a step towards the invention of the Kaleidoscope. 
The eflEects, however, which I had observed, were sufficient 
to prepare me for taking advantage of any suggestion which 
experiment might afterwards throw in the way. 

In repeating, at a subsequent period, the veiy beautiful 
experiments of M. Biot, on the action of homogeneous fluids 
upon polarized light, and in extending them to other fluids 
which he had not tried, I found it most convenient to place 
them in a triangular trough, formed by two plates of glass 
cemented together by two of their sides, so as to form an 
acute angle. The ends being dosed up with pieces of plate 
glass cemented to the other plates, the trough was fixed 
horizontally, for the reception of the fluids. The eye being 
necessarily placed without the trough, and at one end, some 
of the cement, which had been pressed through between the 
plates at the object end of the trough, appeared to be 



^ An aooount of the experiments aboTe alluded to was given in the Analyte 
des Travaux de la Ckute det Sciences Mathimatiques et Phptiques de Flnstitut 
Rojfal de Frcmce, pendant fann^ 1815, par M. le Cher. Delambre. p. 29, ftc. 
The colours produced by repeated reflexions from plates of silTer are those of Ellip- 
tical Polarization, and are explained at greitt length in my paper on that sub- 
ject, published in the Philoiophical Trantactiont for 1830. 
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4 mSTOBT OF THB KALEID0800FE. 

arranged in a manner far more regular and symmetrical 
than I had before obaenred when the objeots, in my early 
experiments, were situated at a distance from the reflectors. 
From the approximation to perfect symmetry which the 
figure now displayed, compared with the great deviation 
from symmetry which I had formerly observed, it was 
obvious that the progression from the one effect to the 
other must take place during the passage of the olgect from 
the one position to the other ; and it became highly pro- 
bable, that a position would be found where the symmetry 
was mathematically perfect By investigating this subject 
optically, I discovered the leading juinciples of the Kalei- 
doscope, in so far as the inclination of the reflectors, the 
position of the object, and the position of the eye, were 
concerned. I found, that in order to produce perfectly 
beautiful and symmetrical forms, three conditions were 
neoessaiy. 

1. That the reflectors lE^ould bei placed at an angle, 
which was an even or an odd aliquot part of a drde, when 
the object was regular, and similarly situated with respect 
to both the mirrors ; or the even aliquot part of a circle 
when the object was irregular, and had any position what- 
ever. 

2. That out of an infinite number of positions for the 
object, both within and without the reflectors, there was 
only one where perfect symmetry could be obtained, namely, 
when the object was placed in contact with the ends of the 
reflectors. This was precisely the position of the cement 
in the preceding experiment with the triangular trough. 

3. That out of an infinite number of positions for the 
eye, there was only one where the symmetry wa« perfect. 
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mSTOBY OF THE KALEIDOSCOPE. O 

nunely, as near as possible to the angular point, so that 
the circular field could be distinctly seen ; and that this 
point was the only on^ out of an infinite number at whidi 
the uniformity of the light of the circular field was a maxi- 
mum, and from which the direct and the reflected images 
had the same form and the same magnitude, in consequence 
of being placed at the same distance from the eye. This, 
also, was the position in which the eye was necessarily 
placed when looking through the fluid with which the glass, 
trough was partially filled. 

Upon these principles I construt;ted an instrument, in 
which I fixed permanerUly, across the ends of the reflectors, 
pieces of coloured glass, and other irregular objects ; and 
I showed the instrument in this state to some members of 
the Royal Society of Edinburgh, who were much struck 
with the beauty of its effects. In this case, however, the 
forms were nearly permanent ; and slight, though beautiful, 
variations were produced by varying the position of the 
instrument with respect to the source of light 

The great step, however, towards the completion of the 
instrument remained yet to be made ; and it was not till 
some time afterwards that the idea occurred to me of giving 
motion to objects, meh cu pieces of coloured glass, dSrc, which 
were either fixed or placed loosely in a cell at the end of the 
instrument. When this idea was carried into execution, 
and the reflectors phiced in a tube, and fitted up on the 
preceding principles, the Kaleidoscope, in its simple form, 
was completed. 

In this form, however, the Kaleidoscope could not be 
considered as a general philosophical instrument of univer- 
sal application. The least deviation of the object from the 
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6 HISTORY OP THE KALEIDOSCOPE. 

position of symmetry at the end of the reflectors, produced 
a deviation from beauty and symmetry in the figure, and 
this deviation increased with the distance of the object 
The use of the instrument was therefore limited to objects 
in contact with the ends of the reflectors, or held close to 
them, and consequently to objects, or groups of objects, 
whose magnitudes were less than its triangular aperture. 

The next^ and by far the most important step of the 
invention, was to remove this limitation, and to extend 
indefinitely the use and application of the instrument. 
This effect was obtained by employing a draw tube, con- 
taining a convex lens, or, what is better, an achromatic 
object-glass of such a focal length, that the images of 
objects, of all magnitudes and at all distances, might be 
distinctly formed at the end of the reflectors, and intro- 
duced into the pictures created by the instrument in the 
same manner as if they had been reduced in size^ and 
placed in the true position in which alone perfect symmetry 
could be obtained. 

When the Kaleidoscope was brought to this degree of 
perfection, it was impossible not to perceive that it would 
prove of the highest service in all the ornamental arts, 
and would, at the same time, become a popular instrument 
for the purposes of rational amusement. With these views 
I thought it advisable to secure the exclusive property of 
it by a Patent ; ^ but in consequence of one of the patent 

I As this P'ltent, in so f&r as the simple Kaleidoscope is concerned, was to a 
great extent infringed, it has been supposed that it was reduced in a Ck)ttrtof Law. 
The validity of the Patent was never questioned by any lawyer, or any philosopher 
acquainted wiUi its theory and construction, as will appear ttom the opinion of four 
competent Judges, given in the Appendix. 

In 9, trial for the infirlngement of a Patent several years ago, a distinguished 
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mstruments having been exhilnted to some of the London 
opticians, the remarkable properties of the Kaleidoscope 
became known before any number of them could be pre- 
pared for sale. The sensation excited by this premature 
exhibition of its effects is incapable of description, and can 
be conceived only by those who witnessed it " It very 
quickly became popular/' says Dr. Roget, in his excellent 
article on the Kat.ktdoscopb in the Encydopasdva Britan* 
nicay << and the sensation it excited in London throughout 
all ranks of people was astonishing. It afforded delight to 
the poor as well as the rich ; to the old as well as the 
young. Large cargoes of them were sent abroad, particu- 
larly to the East Indies. They very soon became known 
throughout Europe, and have been met with by travellers 
even in the most obscure and retired villages in Switzer- 
land.'* According to the computation of those who were 
best able to form an opinion on the subject, no fewer than 
two hundred thousand instruments were sold in London 
and Paris during three months. Out of this immense 
number there were perhaps not one thousand constructed 
upon scientific principles, and capable of giving anything 
like a correct idea of the power of the Kaleidoscope ; and 
of the millions who have witnessed its effects, there is 
perhaps not a hundred individuals who have any idea of 
the principles upon which it is constructed, who are capable 
of distinguishing the spurious from the real instrument, or 
who have sufficient knowledge of its principles to be able 

jadge (we belieTe it was Judge Aldenon) iCatod it m a feet, that the Patent for 
the Kaleidoacope had been wt aside in a Gotut of Law. The party whose case was 
prejudiced by this erroneous assertion, applied to me for an alBdaTit, by vthich he 
was enabled to contradict it in Court, and remove any un&Tourable imprtssion it 
might haTe made upon the jury. 
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3 HISTOBY OF THE KALBID0600PE. 

to i^ply it to the numerous branchee of the useful and 
ornamental arts. 

Under these circumstances I have thought it necessary 
to draw up the following short treatise, for the purpose c^ 
explaining, in as popular a manner as I could, the princi- 
ples and construction of the Kaleidoscope ; of describing 
the different forms in which it is fitted up ; of pointing out 
the various methods of using it as an instrument of recrea- 
tion ; and of instructing the artist how to employ it in the 
numerous branches of the useful and ornamental arts to 
which it is applicable. 
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CHAPTER I. 

PBEUMINABT PRINCIFLE8 RESPECTING THE EFFECTS OF 
COMBINING TWO PLAIN MIBBOBS. 

The principal parts of the Kaleidoscope are two reflecting 
planes, made of glass, or metal, or any other reflecting 
substance ground perfectly flat and highly polished. These 
reflectors, which are generally made of plate-glass, either 

Fi0. 1. 




rough ground on their outer side, or covered with blade 
varnish, may be of any size, but in general they should be 
from four or five to ten or twelve inches long ; their greatest 
breadth being about an inch when the length is six inches, 
and increasing in proportion as the length increases. When 
these two plates are put together at an angle of 60'', or the 
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CHAP. I. 



sixth part of a circle, as showii in Fig. 1, and the eye 
placed at the narrow end £, it will observe the opening 
A o B multiplied six times, and arranged round the centre 
o, as shown in Fig. 2. 

In order to understand how this effect is produced, let 
us take a small sector of white paper of the shape a o b, 
Fig. 2, and having laid it on a black ground, let the ex- 
tremity A o of one of the reflectors be placed upon the 
edge A o of the sector. It is then obvious that an image 




A o 6 of this white sector of paper will be formed behind 
the mirror a o, and will have the same magnitude and the 
same situation behind the mirror as the sector a o b had 
before it In like manner, if we place the edge b o of the 
other reflector upon the other side b o of the paper sector, 
a similar image BOa will be formed behind it The 
origin of three of the sectors seen round o is therefore 
explamed : the first, a o b, is the white paper sector seen 
by direct vision ; the second, a o 6, is an image of the first 
formed by one reflexion from the mirror a o ; and the third 
is another image of the first formed by <me reflexion from 
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CHAP. I. EESPECTING TWO PLAIN MIEEOES. 11 

the other mirror b o. But it is well known, that the re- 
flected image of any object, when placed before another 
mirror, has an image of itself formed behind this mirror, in 
the very same manner as if it were a new object Hence 
it follows, that the image a o 6 being, as it were, a new 
object placed before the mirror b o, will have an image 
a o a of itself formed behind b o ; and for the same reason 
the image b o a will have an image b o^ oi itself, formed 
behind the mirror a o, and both these new images will 
occupy the same position behind the mirrors as the other 
images did before the mirrors. 

A difficulty now presents itself in accounting for the 
formation of the last or sixth sector, oe o /?. Mr. Harris, in 
the xvnth Prop, of his Optics, has evaded this difficulty, 
and given a false demonstration of the proposition* He 
remarks, that the last sector, a o j3 is produced " by the 
reflection of the rays forming either of the two last 
images " (namely, 6 o /3 and a o a) ; but this is clearly 
absurd, for the sector a o /3 would thus be formed of two 
images lying above each other, which is impossible. In 
order ^o understand the true cause of the formation of the 
sector a o ^, we must recollect that the line o e is the line 
of junction of the mirrors, and that the eye is placed any 
where in the plane passing through o e and bisecting a o b. 
Now, if the mirror, b o, had extended as far as o j8, the 
sector a o |8 would have been the image of the sector 
6 |S, reflected from b o ; and in like manner, if the 
mirror A o had extended as far as o a, the sector a o |8 
would have been the image of the sector a o a reflected 
from A o ; but as this overlapping or extension of the 
mirrors is impossible, and as they must necessarily join 
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12 PBELIMINABY PRINCIPLES CHAP. K^ 

at the line o e, it follows, that an image a o ^ of only half 
the sector 6 o jS, viz., 5 o r, can be seen by reflexion from 
the mirror b o ; and that an image jS o «, of only half the 
sector a o a, viz., a o «, can be seen by reflexion from the 
mirror ▲ o. Hence it is manifest, that the last sector, a o jS, 
is not, as Mr. Harris supposes, a reflexion from either of the 
two last images^ bo^y aoa, but is composed of the images 
of two half sectors, one of which is formed by the mirror 
A o, and the other by the mirror b o. 

Mr. Harris repeats the same mistake in a more serious 
form, in hia second Scholium, § 240, where he shows that 
the images are arranged in the circumference of a circle. 
The two images d, d, says he, coincide and make but one 
image. Mr. Wood has committed the very same mistake 
in his second Corollary to Prop, xiv., and his demonstra- 
tion of that Corollary is decidedly erroneous. This Corol- 
lary is stated in the following manner : — " When a (the 
angle of the mirrors) is a measure of 180® two images coitir 
cide,'* and it is demonstrated, that since two images of any 
object X (Fig. 2) must be formed, viz., one by each mirror, 
and since these two images must be formed at 180° from 
the object x, placed between the mirrors, that is, at the 
same point x, it follows that the two images must coincide. 
Now, it will appear from the simplest considerations, that 
the assumption, as well as the conclusion, is erroneous. 
The image x is seen by the last reflexion from the mirror 
B o E, and another image vmUd be seen at x, if the mirror 
ACE had extended as far aa x; but as this is impossible, 
without covering the part of the mirror b o e, which gives 
the first image x, there can be only one image seen at x. 
When the object x is equidistant from a and b, then one- 
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CHAP. I. RE8PECTIKa TWO PLAIN MIBBOSS. 13 

half of the last reflected image x will be formed by the last 
reflexion from the mirror b o, and the other half by the 
last reflexion from the mirror a o, and these two half 
images will join each other, and form a whole image at e^ 
as perfect as any of the rest In this last case, when the 
angle a o b is a little different from an even aliquot part 
of 360% the eye at b will perceive at e an appearance of 
iwo incoincident images ; but this arises from the pupil of 
the eye being partly on one side of e and partly on the 
other ; and, therefore, the apparent duplication of the image 
is removed by looking through a very small aperture at e. 
As the preceding remarks are equally true, whatever be the 
inclination of the mirrors, provided it is an even aliquot 
part of a circle, it follows, — 

1. That when a o b is ^, ^, |, t^, ^ etc., of a circle, 
the number of reflected images of any olgect x, is 4 — 1, 
6—1, 8—1, 10—1, 12—1. 

2. That when x is nearer one mirror than another, the 
number of images seen by reflexion from the mirror to 
which it is nearest will be ^, f, f , V^, V, while the num- 
ber of images formed by the mirror from which x is most 
distant will be ^ — 1, f — 1, f — 1, ^ — 1 > *^* ^^ ^ 
image more always reaches the eye from the mirror nearest 
x, than from the mirror farthest from it. 

3. That when x is equidistant from a o and b o, the 
number of images which reaches the eye from each mirror 
is equal, and is always t^, ?=i, ?=i, ^-^, ^\ which are 
fractional values, flowing that the last image is composed 
of two half images. 

When the indination of the mirrors, or the angle a o b. 
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Fig. 3, is an odd aliquot part of a circle, such as \, |, \, \, 
etc., the diflferent sectors which compose the circular image 
are formed in the very same mamier as has been already 
described ; but as the number of reflected sectors must in 
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this case always be even, the line o e, where the mirrors 
join, will separate the two last reflected sectors, 6 o e, 
a o e. Hence it follows, — 

1. That when a o b is J, |, 4^, ^, etc., of a circle, the 
number of reflected images of any object is 3 — 1, 5 — 1, 
7 — 1, etc., and, — 

2. That the number of images which reach the eye from 
each mirror is ?=?, *=J, Z=i, which are always even numbers. 

Hitherto we have supposed the inclination of the mirrors 
to be exactly either an even or an odd aliquot part of a 
circle. We shall now proceed to consider the effects which 
will be produced when this is not the case. 

If the angle a o b. Fig. 2, is made to increase from being 
an even aliquot part of a circle, such as ^th, till it becomes 
an odd aliquot part, such as ^th, the last reflected image 
/? o a, composed of the two halves ^ 6 e, « o e, will gra- 
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dually increase, in consequence of each of the halves in- 
creasing ; and when a o b becomes ^th of the circle, the 
sector j3 o a will become double of a o b, and a o «, jS o c 
will become each complete sectors, or equal to a o b. 

If the angle a o b is made to vary from ^th to -^th of a 
circle, the last sector j3 o a will gradually diminish, in con- 
sequence of each of its halves, ^oe^aoe, diminishing ; and 
just when the angle becomes -^th of a circle, the sector Qoa 
will have become infinitely small, and the two sectors, 6 0, 
a o a, will join each other exactly at the line o «, as in 
Fig. 3. 
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CHAPTER II. 

ON THE PRINCIPLES OP THE KALBIDOSOOPB, AND THE FOR- 
MATION OF SYMMETRICAL PICTURES BY THE COMBINATION 
OF DIRECT AND INVERTED IMAGES. 

The principles which we have laid down in the preced- 
ing chapter must not be considered as in any respect the 
principles of the Kaleidoscope. They are merely a series 
of preliminary deductions, by means of which the princi- 
ples of the Instrument may be illustrated^ and they go no 
farther than to explain the formation of an apparent circular 
aperture by means of successive reflexions. 

All the various forms which nature and art present to 
us, may be divided into two classes, namely, simple or irre- 
gular forms, and compound or regular forms. To the first 
class belong all those forms which are called picturesque, and 
which cannot be reduced to two forms similar, and simi- 
larly situated with regard to a given point ; and to the 
second class belong the forms of animals, the forms of re- 
gular architectural buildings, the forms of most articles of 
furniture and ornament, the forms of many natural pro- 
ductions, and all forms, in short, which are composed of 
two forms, similar and similarly situated with regard to a 
given line or plane. 

Now, it is obvious that all compound forms of this kind 



Digitized by 



Google 



dHAP. n. PmNdPLES OF THE KALEIDOSCOPE. 17 

are composed of a direct and an inverted image of a simple 
or an irregular form ; and, therefore, every simple form can 
be converted into a compound or beautiful form, by skil- 
fully combining it with an inverted image of itself, formed by 
reflexion. The image, however, must be formed by reflec- 
tion from the first surface of the mirror, in order that the 
direct and the reflected image may join, and constitute one 
united whole ; for if the image is reflected from the poste- 
rior surface, as in the case of a looking-glass, the direct and 
the inverted image can never coalesce into one form, but 
must always be separated by a space equal to the thickness 
of the mirror glass. 

If we arrange simple forms in the most perfect manner 
round a centre, it is impossible by any art to combine them 
into a symmetrical and beautiful picture. The regularity 
of their arrangement may give some satisfaction to the eye, 
but the adjacent forms can never join, and must therefore 
form a picture composed of disunited parts. 

The case, however, is quite different with compound 
forms. If we arrange a succession of similar forms of this 
dass round a centre, it necessarily follows that they will all 
combine into one perfect whole, in w)iich all the parts 
either are or may be united, and which will delight the eye 
by its symmetry and beauty. 

In order to illustrate the preceding observations, we have 
represented in Figs. 4 and 5 the effects produced by the 
multiplication of single and compound forms. The line 
abed, for example* Fig. 4, is a simple form, and is 
arranged round a centre in the same way as it would be 
done by a perfect multiplying glass, if such a thing could 
be made. The consecutive forms are all disunited, and do 

B 
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not compose a whole. Fig. 5 represents the very same 
simple form, abed, converted into a compound form, and 
then, as it were, multiplied and arranged round a centre. 
In this case every part of the figure is united, and forms a 



Fio. 4. 




whole, in which there is nothing redundant and nothing 
deficient ; and this is the precise effect which is produced 
by the application of the Kaleidoscope to the simple form 

<^bc, Fio. 6. 




The fundamental principle, therefore, of the Kaleidoscope 
is, that it produces symmetrical and beautiful pictures, by 
converting simple into compound or beautiful fonnsj and 
arranging them, by successive reflexions, into one perfect 
whole. 
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This principle, it will be readily seen, cannot be disco- 
vered by any examination of the luminous sectors which 
compose the circular field of the Kaleidoscope, and is not 
even alluded to in any of the propositions given by Mr. 
Harris and Wc. Wood. In looking at the circular field 
composed of an even and an odd number of reflexions^ the 
arrangement of the sectors is perfect in both cases ; but 
when the number is odd, and the form of the object simple, 
and when the object is not similarly placed with regard to 
the two mirrors, a symmetrical and united picture cannot 
possibly be produced. Hence it is manifest, that neither the 
principles nor the effects of the Kaleidoscope could possibly 
be deduced from any practical Icnowledge respecting the 
luminous sectors. 

In order to explam the formation of the symmetrical 
picture shown in Fig. 5, we must consider that the simple 
form m tz, Fig. 2, is seen by direct vision through the open 
sector ACS, and that the image n o,oi the object m it, 
formed by one reflexion in the sector b o a, is necessarily 
an inverted image. But since the image o p, in the sector 
a o a, is a reflected and consequently an inverted image of 
the inverted image, m t, in the sector ao b, it follows, that 
the whole n o p is an inverted image of the whole nmt. 
Hence the image n o will unite with the image op, in the 
same manner as mn unites with m t But as these two 
last unite into a regular form, the two first will also unite 
into a regular or compound fonn. Now, since the half 
jS o tf of the last sector jS o a was formerly shown to be an 
image of the half sector aos, the line q v will also be an 
image of the line o z, and for the same reason the line v p 
will be an image of t y. But the image v p forms the same 
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angle with b o or n q that t y does, and is equal and simi- 
lar to e 3^ ; and q v forms the same angle with a o thajb 
o z does, and is equal and similar to 2. Hence, 00 = 
o q, and o y = o v^ and therefore q v and v p will form 
one straight line, equal and similar to ^ ^, and similarly 
situated with respect to b o. The figure mno pqt, there- 
fore, composed of one direct object, and several reflected 
images of that object, will be synmietrical As the same 
reasoning is applicable to every object extending across the 
aperture a o b, whether simple or compoimd, and to every 
angle a o b, which is an even aliquot part of a circle, it 
follows, — 

1. That when the inclination of the mirror is an even 
aliquot part of a circle, the object seen by direct vision 
across the aperture, whether it is simple or compound, is so 
united with the images of it formed by repeated reflexions, 
as to form a symmetrical pieture. 

2. That the symmetrical picture is composed of a series 
of parts^ the number of whidi is equal to the number of 
times that the angle ao b is contained in 360°. And — . 

3. That these parts are alternately direct and inverted 
pictures of the object ; a direct picture of it being always 
placed between two inverted ones, and, vice versa, so that 
the number of direct pictures is equal to the number of 
inverted ones. 

When the inclination of t^e mirrors is an odd aliquot 
part of 360"^, such as ^, as shown in Fig. 3, the picture 
formed by the combination of the direct object and its re- 
flected images is symmetrical only under particular circum- 
stances. 

If the olyect, whether simple or compound, is similarly 
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situated with respect to each of the mirrors, as the straight 
line 1, 2 of Fig. 6, the compound line 3, 4, the inclined 
lines 5, 6, the circular object 7, the curved line 8, 9, and 

Fio. 6. 




the radial line 10, o, then the images of all these objects 
wUl also be similarly situated with respect to the radial 
lines that separate the sectors, and will therefore form a 
whole perfectly symmetrical, whether the number of sectors 
is odd or even. 

But when the objects are not similarly situated with re- 
spect to each of the mirrors, as the compound line 1, 2, 
Fig. 8, the curved line 3, 4, and the straight line 5, 6, 
and, in general, as all irregular objects that are presented 
by accident to the instrument, then the image formed in 
the last sector aoe, Fig. 7, by the mirror b o, will not 
join with the image formed in the last sector 6 o c, by the 
mirror a o. In order to explain this with sufficient per- 
spicuity, let us take the case where the angle is 72°, or ^th 
part of the circle, as shown in Fig. 7. Let ao, bo, be 
the reflecting planes, and mn b. line, inclined to the raditis 
which bisects the angle A o B, so that om:::>^on; then m n\ 
n m', will be the images formed by the first reflexion from 
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A and B o, and vS m", m' n", the images fonned by the 
second reflexion ; but by the prindples of catoptriesy 



Fi4. 7. 




o m = m' = o 971'', and o n - o n' = o n", consequently since 
o m is by hypothesis greater than o ti, we shall have o wi* 
greater than o n"; that is, the images m' n", n' m", will not 
coincide. As o n approacheis to an equality with o m^ o n" 
approaches to an equality with o m", and when o m = o n, we 
have o n" = o m", and at this limit the images are i^ymmetri- 

Pio. 8. 




cally arranged, which is the case of the straight line 1, 2 
in Fig. 6. By tracing the images of the other lines, as is 
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done in Fig. 8, it will be seen, that in every caae the jMcture 
is destitute of symmetiy when the object has not the same 
position with respect to the two miirors. 

This result may be deduced in a more simple manner, 
by considering that the symmetrical picture formed by the 
Kaleidoscope contains half as many pairs of forms as the 
number of times that the inclination of the mirrors is con- 
tained in 360° ; and that each pair consists of a direct and 
an inverted form, so joined as to form a compound form. 
Now the compoimd form made up by each pair obviously 
constitutes a symmetrical picture when multiplied any num- 
ber of times, whether even or odd ; but if we combine so 
many pair and half a pair, two direct images will come 
together, the half pair cannot possibly join both with the 
direct and the inverted image on each side of It, and 
therefore a symmetrical whole cannot be obtained from 
such a combination. From these observations we may 
conclude, — 

1. That when the inclination of the mirrors is an odd 
aliquot part of a circle, the object seen by direct vision 
through the aperture unites with the images of it formed 
by repeated reflexions, and forms a complete and (symme- 
trical picture, only in the case when the object is similarly 
situated with respect to both the mirrors ; the two last 
sectors forming, in every other position of the object, an 
imperfect junction, in consequence of these being either both 
direct or both inverted pictures of the object. 

2. That the series of parts which compose the S3rmme- 
trical as well as the unsymmetrical picture, consists of 
direct and inverted pictures of the object, the number of 
direct pictures being alwavs equal to half the number of 
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sectors increased by one, when the number of sectors is 5, 
9, 13, 17, 21, ete., and the number of inverted pictures 
being equal to half the number of sectors diminished by one, 
when the number of sectors is 3, 7, 11, 15, 19, etc., and 
vice versa. Hence, the number of direct pictures of the 
object must always be odd, and the number of inverted 
pictures even, as appears from the following table : — 



Inclination 

of the 

Mirrors. 

120° 
72 
61f 
40 

27^ 
24 

21^ 
18H 



Number 

of 
Sectors. 

3 

5 

7 

9 
11 
13 
15 
17 
19 
21 



Number of 
Inrerted 
Pictures. 


Number of 

Direct 
Pictures. 


2 


1 


2 


3 


4 


3 


4 


5 


6 


5 


6 


7 ^ 


8 


7 


8 


9 


10 


9 


10 


11 



3. That when the number of sectors is 3, 7, 11, 15, 
19, etc., the two last sectors are inverted ; and when the 
number is 5, 9, 13, 17, 21, etc., the two last sectors are 
direct. 

When the inclination of the mirrors is not an aliquot 
part of 360°, the images formed by the last reflexions do 
not join like every other pair of images, and therefore the 
picture which is created must be imperfect. It has already 
been shown at the end of Chap. L that when the angle of 
the mirrors becomes greater than an even or less than an 
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odd aliquot part of a circle, each of the two incomplete 
sectors which form the last sector becomes greater or less 
than half a sector. The image of the object comprehended 
in each of the incomplete sectors must therefore be greater 
or less than the images in half a sector ; that is, when the 
last sector jS o a, Fig. 2, is greater than a o b, the part q v 
in one half must be the image of more than o z, and v p 
the image of more than fy, and vice versa, when )S o a is 
less than a o b. Hence it follows that the synmietry is 
imperfect from the image in the last sector being greater or 
less than the other images. But besides this cause of im< 
perfection in the symmetry, there is another, namely, the 
disunion of the two images q v and v p. The angles o q v 
and o p are obviously equal, and also the angles o p v, 
o p o ; but since the angle jS o a, or g' o p, is by hypothe- 
sis greater or less than p o o, it follows that the angles of 
the triangle g o p are either greater or less than two right 
angles, because they are greater or less than the three angles 
of the triangle poo. But as this is absurd, the lines q v, 
v p, cannot join so as to form one straight line, and there- 
fore the completion of a perfect figure by means of two 
mirrors, whose inclination is not an aliquot part of a circle, 
is impossible. When the angle jS o a is greater than poo, 
or A o B, the lines q v, v p, will form a re-entering angle 
towards o, and when it is less than a o b, the same lines 
will form a salient angle towards o. 
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CHAPTER IIL 

ON THE EFFECTS PBODUCED BY THE MOTION OF THE OBJECT 
AND THE MIBBOB8. 

HiTHEBTO we liave oonsidered both the object and the 
mirrors as stationaiy, and we have contem^dated only the 
effects produced by the union of the different parts of the 
picture. The variations, however, which the picture exhi- 
bits, have a very singular character, when either the objects 
or the mirrors are put in motion. Let us, Gist^ consider 
the effects produced by the motion of the object when the 
mirrors aie at rest 

Fia.9. 




If the object moves from x to o, Fig. 9, in the direction 
of the radius, all the images will likewise move towards o. 
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and the patterns will have the appearance of being absorbed 
or extinguished in the centre. If the motion of the olyect 
is from o to X, the images will also move outwards in the 
direction of the radii, and the pattern will appear to de- 
velop itself from the centre o, and to be lost or absorbed 
at the drcomference of the luminous field. The objects 
that move parallel to x o will have their centre of develop- 
ment, or their centre of absorption, at the point in the lines 
A o, B o, a o, ho, etc. where the direction in which the 
images move cuts these lines. When the object passes 
across the field in a circle concentric with a b, and in the 
direction a b, the images in all the sectors formed by an 
even number of reflexions will move in the same direction 
A B, namely, in the direction ^ b, a a; while those that 
have been formed by an odd number of reflexions will 
move in an opposite direction, namely, in the directions a b, 
A b. Hence, if the object moves from a to b, the points 
of absorption will be in the lines b o, a o, and b o, and 
the points of development in the lines a o, a o, and B o, 
and vice venOy when the motion of the object is from b to a. 
If the object moves in an oblique durection mn, the 
images will move in the directions mtfOn, o p, qt, qpy 
and nif o, q, wiU be the centres of development, and n, p, ^ 
the centres of absorption ; whereas, if the object moves 
from n to m, these centres will be interchanged. These 
results are susceptible of the simplest demonstration, by 
supposing the object in one or two successive points of its 
path m n, and considering that the image must be formed 
at points similarly situated behind the mirrors ; tiie line 
passing through these points will be the path of the image, 
and the order in which the images succeed each other will 
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give the directioii of their motion. Hence, we may con- 
clude in general, 

1. That when the path of the object cuts both the 
mirrors a o and b o like m n, the centre of absorption will 
be in the radius passing through the section of the mirror 
to which the object moves, and in every alternate radius ; 
and that the centre of development will be in the radius 
passing through the section of the mirror from which the 
object moves, and in all the alternate radii : and, 

2. That when the path of the object cuts any one of the 
mirrors and the circumference of the circular field, the 
centre of absorption will be in all the radii which separate 
the sectors, and the centre of development in the circum- 
ference of the field, if the motion is towards the mirror, but 
vice versa if the motion is towards the circumference. 

When the objects are at rest, and the Kaleidoscope in 
motion, a new series of appearances is presented. What- 
ever be the direction in which the Kaleidoscope moves, the 
object seen by direct vision must always be stationary, and 
it is easy to determine the changes which take place when 
the Kaleidoscope has a progressive motion over the object. 
A very curious eflfect, however, is observed when the Kalei- 
doscope has a rotatory motion round the angular point, or 
rather round the common section of the two mirrors. The 
picture created by the Instrument seems to be composed of 
two pictures, one in motion round the centre of the circular 
field, and the other at rest. The sectors formed by an odd 
number of reflexions are all in motion in the same direc- 
tion as the Kaleidoscope, while the sector seen by direct 
vision, and all the sectors formed by an even number of 
reflexions, are at rest. In order to understand this, let m. 



Digitized 



by Google 



CHAP. in. 



THE OBJECT AND THE MIEBOBS. 



39 



Fig. 10, be a plane mirror, and a an ol\ject whose image is 
formed at a, so that a m = a m. Let the mirror m advance 
to N, and the object a, which remains fixed, will have its 



Fig. 10. 



JS 



image h formed at such a distance behind N, that 6 k = 
A N ; then it will be found that the space moved through 
by the image is double the space moved through by the 
mirror ; that is, a 6 = 2 M n. Since M n = a m — a n, 
and since am = a m, and A K = 5 n, we have m n = a m 
— b N ; and adding M N or its equal 6 M -f 6 n to both 
sides of the equation, we obtain 2 M n = o m — b n + 6 n 
-f 6 m; but — b N + 6 N = 0, and a m + 6 M = o 6; 
hence 2 m n = a 5. This result may be obtained other-, 
wise, by considering, that if the mirror m advances one inch 
to A, one inch is added to the distance of the image a, and 
one subtracted from the distance of the object ; that is, the 
difference of these distances is now two inches, or twice the 
space moved through by the mirror ; but since the new 
distance of the object is equal to the distance of the new 
image, the difference of these distances, which is the space 
moved through by the image, must be two inches, or twice 
the space described by the mirror. 

Let us now suppose that the object a advances in the 
same direction as the mirror, and with twice its velocity, so 
as to describe a space a a = 2 m K = a 6, in the same time 
that the mirror moves through mn, the object being at 
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a when the mirror is at n. Then, since a a = a6 and 5n 
= A N, the whole a n is equal to the whole a n, that is, 
a will still be the place of the image. Hence it follows, 
thai if the abject advanca in the same directum <u the 
mirror, but vnth ttme its velocity, the image will remain 
stationary. 

If the object a moves in a direction opposite to that of 
the mirror, and with double its velocity, as is shown in 
Fig. 11 ; then, since h would be the image when a was 
stationary, and when m had moved to k, in which case 
a6 = 2MK, and b' the image when a had advanced to 

Fio.ll. 
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a through a space a a=: 2 H K, we have 6 Ns= a k, and 
6'N = aii, and, therefore, bbf = AJSf — aN = Aa = 2MN, and 
a b+b b* or its equal a ly = 4 m N. Hence it follows, that 
when the object advances towards the mirror wi^ twice its 
velocity, the image ttfill move with four times f^e velocity of 
the mirror. 

If the mirror m moves roimd a centre, the very same re- 
sults will be obtamed from the veiy same reasoning, only 
the angular motion of the miiror and the image will then 
be more conveniently measured by parts of a circle or 
degrees. 

Now, in Fig. 12, let x be a fixed object, and a o, b o, two 
mirrors placed at an angle of 60^ and moveable round o as 
a centre. When the eye is applied to the end of the mirrors 
(or at E, Fig. 1), the fixed object x, Fig. 12, seen by direct 



Digitized by 



Google 



CHAP. m. THB OBJECT AND THB MIBB0B8. 31 

Tision will, of course, be stationaiy, while the mirrors describe 
an arch X of 10** for example ; but since a o has approached 
X by 10'', the image of x formed behind ao must have 




approached z bj 20'', and consequently moves with twice 
the velocity in the same direction as the mirrors. In like 
manner, since b o has receded lO** from x, the image of x 
formed by b o must have receded 20° firom x, and conse- 
quently must have moved with twice the velocity in the same 
direction as the mirrors. Now, the image of x in the sector 
5 o iS is, as it were, an image of the image in b o a reflected 
from A o. But the image in b o a advances in the same 
direction as the mirror a o and with twice its velocity, hence 
the image of it in the sector 6 o jS will be stationaiy . In 
like manner it may be shown, that the image in the sector 
aoa will be stationary. Since a o ^ is an image of 6 o r 
reflected from the mirror b o, and since all images in that 
sector are stationaiy, the corresponding images in a o « will 
move in the same direction a j8 as the mirrors ; and for the 
same reason the images in the other halfnsector o « will 
move in the same direction ; hence, the image of any object 
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formed in the last sector aofi will move in the same direc- 
tion, and with the same velocity as the images in the sectors 
A o (, B o a. 

By a similar process of reasoning, the same results will 
be obtained, whatever be the number of the sectors, and 
whether the angle a o b be the even or the odd aliquot part 
of a circle. Hence we may conclude, 

1. That during the rotatory motion of the mirrors round 
o, the objects in the sector seen by direct vision, and all 
the images of these objects formed by an even number of 
reflexions are at rest^ 

2. That all the images of these objects, formed by an 
odd number of reflexions, move round o in the same direc- 
tion as the mirrors, and with an angular velocity double 
that of the mirrors. 

3. That when the angle a o b is an even aliquot part of 
a circle, the number of moving sectors is equal to the 
number of stationary sectors, a moving sector being placed 
between two stationary sectors, and vice vena. 

4. That when the angle a o b is an odd aliquot part of 
a circle, the two last sectors adjacent to each other are 
either both in motion or both stationary, the number of 
moving sectors being greater by one when the number of 
sectors is 3, 7, 11, 15, etc., and the number of stationary 
sectors being greater by one when the numbear of sectors is 
5, 9, 13, 17, etc And, 

5. That as the moving sectors correspond with those in 
which the images are inverted, and the stationary ones with 
those in which the images are direct, the number of each 
may be found from the table given in page 24. 
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When one of the mirrors, a o, is stationary, while the 
other, B o, is moved round, and so as to enlarge the angle 
A o B, the object x, and the image of it seen in the station- 
ary mirror a o, remain at rest, but all the oUier images are 
in motion receding from the object x, and its stationary 
image ; and when B o moves towards a o, so as to diminish 
the angle a o b, the same effect takes place, only the motion 
of the images is towards the object x, on one side, and 
towards it& stationary image on the other. These images 
will obviously move in pairs ; for, since the fixed object 
and its stationary image are at an invariable distance, the 
existence of a symmetrical arrangement, which we have 
formerly proved, requires that similar pairs be arranged at 
equal distances round o, and each of the images of these 
pairs must be stationary with regard to the other. Now, 
as the fixed object is placed in the sector a o b, and its 
stationary image in the sector a o 5, it will be found that 
in the semicircle m 5 «, containing the fixed mirror, the 



are statioiiary with re- 
Bpect to each other. 



1st reflected image and direct object, 

2d 3d reflected image 

4th 5th ... 

6th 7th ... 

8th 9th ... 

while in the same semicircle m ( e, the 

Ist reflected image and 2d reflected image \ 

^ , I are movable with re- 

;S :::::: sS :;: : [-p-tto each other. 

9th 10th I 

On the other hand, in the semicircle Mae, containing 
the movable mirror, the phenomena are reversed, the 

c 
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images which were formerly stationary with respect to each 
other being now movable, and vice vemu 

In considering the velocity with which each pair of 
images revolves, it will be readily seen that the pair on 
each side, and nearest the fixed pair, will have an angular 
velocity dovhle that of Uie mirror b o ; the next pair on 
each side will have a velocity /our times as great as that of 
the mirrer ; the next pair will have a velocity eight times 
as great, and the next pair a velocity sixteen times as great as 
that of the mirror, the velocity of any pair being always 
double the velocity of the pair which is adjacent to it on 
the side of the fixed pair. The reason of this will be 
manifest, when we recollect what has already been demon- 
strated, that the velocity of the image is always double 
that of the mirror, when the mirror alone moves towards 
the object, and quadruple that of the mirror when both are 
in motion, and when the object approaches the mirror with 
twice the velocity. When b o moves from a o, the image 
in the sector b o a moves with twice the velocity of the 
mirror ; but since the image in 5 o |S is an image of the 
image in b o a reflected from the fixed nmror a o, it also 
will move with the same velocity, or twice that of the 
mirror b o. Again, the image in the sector a o a, being a 
reflection of the stationary image in a o 6 fix»m the moving 
mirror, will itself move with double the velocity of the 
mirror. But the image in the next sector a o j3 is a reflec- 
tion of the image in ( o iS from the moving mirror b o ; 
and as this latter image has been shown to move in the 
direction b ft with twice the velocity of the mirror b o, 
while the mirror b o itself moves towards the image, it 
follows that the image in a o /3 will move with a velodly 
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four times that of the mirror. The same reasoning may be 
extended to any number of sectors, and it will be found 
that in the semicircle m & e, containing the fixed mirror, 



The 
images 
fonned 

by 



2 and 3 
4 and 5 
6 and 7 
8 and 9 



.reflexions, move with 



4 

8 

16 



times the 
velocity of 
the mirror ; 



whereas in the semicircle 
mirror, — 



u a e, containing the movable 



The 
images 
formed 

by 



L reflexions, move with 



2f . 

. I times the 

g-j velocity of 

jg I the mirror; 



r land 2 
I 8 and 4 
I 5 and 6 
[ 7 and 8 

a progression which may be continued to any length. 

Before concluding this chapter, it may be proper to men- 
tion a very remarkable effect produced by moving the two 
plain mirrors along one of two lines placed at right angles 
to each other. When the aperture of the mirrors is crossed 
by each of the two lines, the figure created by reflexion 
consists of two polygons with salient and re-entering angles. 
By moving the mirrors along one of the lines, so that it 
may always cross the aperture at the same angle, and at 
the same distance from the angular point, the polygon 
formed by this line will remain stationary, and of the same 
form and magnitude ; but the polygon formed by the other 
line, at first emerging from the centre^ will gradually in- 
crease till its salient angles touch the re-entering angles of 
the stationary polygon ; the salient angles becoming more 
acute, will enclose the apices of the re-entering angles of 
the stationary polygon, and at last the polygon will be de- 
stroyed by truncations from its salient angles. 
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When the lines croBS each other at a ri^ angle, the 
salient angles of the opening polygon can never touch the 
salient angles of the stationary polygon, but always its 
re-entering angles. If the lines, however, form a less angle 
than the complement of the angle formed by the mirrors, 
then the salient angles of the opening polygon may touch 
the salient angles of the stationary polygon, by placing the 
mirrors so as to form re-entering angles in the polygon. 
When the lines form an angle between 90"^ and the comple- 
ment of the angle formed by the mirrors, the salient angle 
of the opening polygon may be made to touch the salient 
angles of the stationary one, but in this case the stationary 
polygon can have no re-entering angles. The preceding 
effects are finely exemplified by the use of a Ealddoscope 
with a draw-tube and lens described in Chapter X., and 
by empbying the vertical and horizontal bars of a window, 
which may be set at different angles, by viewing them in 
perspective. 



Digitized by 



Google 



POSITION OF THE EYB. 37 



CHAPTER IV. 

on THE EFFECTS PRODUCED UPON THE SYMMETRY OF THE 
PICTURE BY VARYING THE POSITION OF THE EYE. 

It has loeen taken for granted in the preceding chapters, 
not only that the object seen by direct vision is in a state 
of perfect junction with the images of it formed by reflec- 
tion ; but that the object and its images have the same 
apparent magnitude, and nearly the same intensity of light 
As these conditions are absolutely necessary to the produc- 
tion of symmetricid and beautiful forms, and may be all 
effected by particular methods of construction, we shall pro- 
ceed to investigate the principles upon which these methods 
are founded, in so far as the position of the eye is con- 
cerned. 

When any object is made to touch a common looking- 
glass in one or more points, the reflected image does not 
touch the object in these points, but is always separated 
from it by a space equal to the thickness of the glass, in 
consequence of the reflexion being performed by the poste- 
rior surfieuje of the mirror. The image and the object must 
therefore be always disunited ; and as the interval of sepa- 
ration must be interposed between all l^e reflected images, 
there cannot possibly exist that union of forms which con- 
stitutes the very essence of symmetry. In mirror glass 
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there is a series of images reflected from the jini, surface, 
which unite perfectly with the object, and with one another. 
When the angles of incidence are not great, this series of 
images is very faint, and does not much interfere with the 
more brilliant images formed by the metallic surface. As 
the angles of incidence increase, the one series of images 
destroys the effect of the other, from their overlapping 
or imperfect coincidence — an effect which increases with the 
thickness of the glass ; but when the reflexions are made 
at veiy oblique incidences, the images formed by the metal- 
lic surface become ahnost invisible, while those formed by 
the first surface are as brilliant and nearly as perfect as if 
the effect of the posterior metallic surface had been entirely 
removed. In the following observations, therefore, it is 
understood that the images are reflected eiUier from a 
polished metallic surface, or from the first surface of glass. 
In order to explain the effects produced upon the sym- 




metry of the picture by a variation in the position of the 
eye, we must suppose the object to be placed at a small 
distance from the end of the mirror. This position is re- 



Digitized by 



Google 



CHAP. IV. POSITION OP THE EYE. 39 

presented in Pig. 13, where a b is a section of the mirror in 
the direction of its length ; m n o p an object placed at a 
distance from the extremity A of the mirror, and m n o p, 
its image seen by an eye to the right hand of e, and 
which, by the principles of catoptrics, will be similar to the 
object and similarly situated with respect to the mirror a e. 
Now, if the eye is placed at i, it will see distinctly the 
whole object m n o p, but it will only see the portion nrso 
of the image cut off by drawing the line t A r through the 
extremity of the mirror, so that there cannot be a symme- 
trical form produced by observing at the same time the 
object M N o p and this portion of its image ; and the 
deviation from symmetiy will be still greater, if m n o p 
is brought nearer the line B A, for the image mn o p will 
be entirely included between the lines a r and a b, so that 
no part whatever of the image will be visible to an eye at s. 
As the eye of the observer moves from i to c, the line t av 
will move into the position eAXy and when it has reached 
the point e, the whole of the image mnop will be visible. 
The symmetry, therefore, arising from the simultaneous 
contemplation of the object and its image will be improved ; 
but it will still be imperfect, as the image will appear to 
be distant from the plane of the mirror, only by the space 
m Xy while the distance of the object is m a;. As the eye 
moves from e to e, the line e a x will move into e a b, 
and the object and its image will seem to be placed at the 
equal distances m b, m b from the plane of the mirror, and 
will therefore form a symmetrical combination. When the 
object is moved, and arrives at b a the image will touch 
the object, and they will form one perfect and united whole, 
whatever be the shape of the line m p. Hence we con- 
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elude, thai when an citject is placed at a little distance from 
the extremity of a plain mirror^ its image formed hy reflec- 
tion from the mirror cannot unite with the c^ect informing 
a conjoined and symmetrical picture^ unless the eye is in the 
plane of the mirfw. 

When two mirrors, therefore, are combined, as in Fig. 1 4, 
the eye must be in the plane of both, in order that 
the object and its image may have a symmetrical coinci- 
dence, and therefore it must be at the point e where the 
two planes cut each other. The neciessity of this position, 
and the effects of any considerable deviation from it, will 
be understood from Fig. 14, where AOBisthe angle formed 
by the mirrors, and m n the place of the object Then if 

FiQ. 14. 




the eye is placed at «, the aperture a o b will be projected 
into ab u upon a plane passing through m n and at right 
angles to e o^ ; but the orthographic projection of a b o 
upon the same plane is a' b' o', or, what is the same thing, 
the reflecting surfaces of which a o, b o are sections, 
will, when prolonged, cut the plane passing through m n in 
the lines a' o', b' o' ; hence, rays from the objects situated 
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between a! o' b' and a co b cannot fall upon the mirrors 
A o E, B o E, or images of these objects cannot be formed 
by the mirrors. The images, therefore, in the different 
sectors formed by reflexion round o as a centre, cannot 
include any objects without a' o' b* ; and since the eye at f 
sees all the objects between a' o' b' and a « 5, there can be 
no symmetry and uniformity in the picture formed by the 
combination of such an olject with the images in the sectors. 
When the eye descends to e, the aperture a o b is pro- 
jected into a' o' 6', which approaches nearer to a o b ; but 
for the reasons already assigned, the Efymmetiy of the pic- 
ture is still imperfect As the eye descends, the lines a' &, 
b' o' approach to a' o', b' o', and when the eye arrives at e, 
a point in the plane of both the reflecting surfaces, the pro- 
jection of the aperture a o b will be a' o' b', and the images 
in all the sectors will be exactly similar to the object pre- 
sented to the aperture. Hence we conclude in general, 
that when an object is placed at any distance before two 
mirroTB indxTied aJb an angle, which is an even aliquot part 
qf 360°, the symmetry of the picture is perfect, when the 
eye, considered as a mathematical point, is placed at b, and 
that th>e deviation from symm>etry increases as the eye recedes 
from B towards t» 

If the object were a mathematical surface, all the parts 
of which were in contact with the extremities a o, b o of 
the mirrors, then it is easy to see that the symmetry of the 
jftcture will not be affected by the deviation of the eye 
from the point e, and, in consequence of the enlargement 
of the sector, seen by direct vision. The symmetry of the 
picture, is, however, affected in another way, by the deviar 
tion of the eye from the point e. 
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We have already seen, that, in order to possess perfect 
i^rmmetry, an object must consist of two parts in complete 
contact, one of which is an inverted image of the other. 
But in order that an object possessing perfect eymmetiy may 
appear perfectly symmetrical, four conditions are required. 
The two halves of the object must be so placed with respect 
to the eye of the observer, that no part of the one half 
shall conceal any part of the other ; that whatever parts 
of the one half are seen, the corresponding parts of the 
other must also be seen ; and that the corresponding parts 
of both halves, and both halves themselves, must subtend 
the same angle at the eye. When we stand before a look- 
ing-glass, and hold out one hand so as to touch it, the hand 
will be found to conceal various parts of its image ; and, in 
some positions of the eye, the whole image will be con- 
cealed, so that a symmetrical picture cannot possibly be 
formed by the union of the two. If the eye is placed so 
obliquely to the looking-glass, that the hand no longer 
interferes with its image, it wiU still be seen, that parts of 
the hand which are not directly visible, are visible in its 
reflected image, and therefore that a symmetrical picture 
cannot be created by the union of two parts apparently 
dissimilar. K the eye of the observer is placed near his 
hand, so that he can see distinctly both the hand and its 
image, the angular magnitude of his hand is much greater 
than that of its image ; and therefore, when the two are 
united, they cannot form a symmetrical object This wiU 
be better understood from Fig. 15, When the eye is placed 
at e, the object M n o p is obviously nearer than its image 
mnopy and must therefore appear larger ; and this differ- 
ence in their apparent magnitudes will increaae as the eye 
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rises above the plane of the mirror a e. As the eye ap- 
proaches to £, the distances of the object and its ima^ 
approach to an equality ; and when the eye is at e, the 
object M N o p, and its image m n o p, are situated at 




exactly the same distance from the eye, and therefore have 
the same angular magnitude. Hence it follows^ that when 
they are united, they will form a perfectly symmetrical com- 
bination. 

When the eye is placed in the plane of both the mirrors, 
the field of view arising from the multiplication of the sector 
A o B, Fig. 14, will be perfectly circular ; but as the eye 
rises above the plane of both the mirrors, this circle will 
become a sort of ellipse, becoming more and more eccentric 
as the eye comes in front of the mirrors, or rises in the 
direction e f . K the observer were infinitely distant, these 
figures would be correct ellipses ; but as the eye, particu- 
larly when the mirrors are broad, must be nearly twice as 
far from the last reflected sector as from the sector seen by 
direct vision, the field of view, and consequently eveiy 
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pattern which it contains, must be distorted and destitute 
of beaaly, from this caose alone. 

Hitherto we have alladed only to symmetiy of form, but 
it is manifest that before the union <^ two similar forms 
can give pleasure to the eye, there must be also a symmetry 
of light If the object m K o p. Fig. 15, is white, and its 
image mn op black, they cannot possibly form, by their 
combination, an agreeable picture. As any considerable 
difference in the intensity of the light will destroy the 
beauty of the patterns, it becomes a matter of indispensable 
importance to determine the position of the eye, which will 
give the greatest possible uniformity to the different images 
of which the picture is composed. 

It has been ascertained by the accurate experiments of 
Bouguer, that when light is reflected perpendicularly from 
good plate glass, only 25 rays are reflected out of 1000 ; 
that is, the intensity of the light of any object seen perpen* 
dicularly in plate glass, is to the intensity of the light of 
its image as 1000 to 25, or as 40 is to 1. When the 
angle of incidence is 60**, the number of reflected rays is 
112, and the intensities are nearly as 9 to 1. — ^When the 
angle of incidence is 87^*", the number of reflected rays is 
584, and the intendties are nearly as 17 to 10, so that 
the luminousness of the object and its image approach 
rapidly to an equality. It is therefore clear, that, in order 
to have the greatest uniformity of ligM in the different 
images which compose the figure, the eye must be placed 
as nearly as possible in the plane of both the mirrors, that 
is, as near as possible to the angular point — But as it is im- 
practicable to have the eye exactly in the plane of both 
mirrors, the images formed by one reflexion must always 
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be less bright than the direct object, even at the part 
nearly in contact with the object The second and third 
reflexions, eta, where the rays fall with less obliquity, will 
be still darker than the first ; though this difference will 
not be very perceptible when the inclination of the mirrors 
is 30° or upwards, and the eye placed in the position 
already described. 

It is a curious circumstance, that the positions of the eye 
which are necessary to effect a complete union of the images 
— to represent similar parts of the object and its images — 
to observe the object and its image under the same angular 
magnitude, and to give a maximum intensity of light to 
the reflected images — should all unite in the same point. 
Had this not been the case, the construction of the Kaleido- 
scope would have been impracticable, and hence it will be 
seen how vain is the attempt to produce beautiful and 
symmetrical forms from any combination of plain mirrors in 
which this position of the eye is not a radical and essential 
principle. 
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CHAPTER V. 

ON THE BFFBCJTS PRODUCED UPON THE SYMMETRY OP THE 
PICTURE BY VARYING THE POSITION OF THE OBJECT. 

Having ascertained the proper position of the eye, we 
shall now proceed to determine the position of the object 

If the object is placed within the reflectors at any point 
D, Fig. 16, between their object end o, and their eye end e, 
a perfectly symmetrical picture will obviously be formed 
from it ; but the centre of this picture will not be at o, the 
centre of the limiinous sectors, but at the point d, where 
the object is placed, or its projection <£, so that we shall 
have a circular luminous field enclosing an eccentric circular 
pattern. Such a position of the object is therefore entirely 
unfit for the production of a symmetrical picture, unless the 
object should be such as wholly to exclude the view of the 
circular field, formed by the reflected images of the aper- 
ture A OB. 

As the point D approaches to o, the centre d of the sym- 
metrical picture will approach to o, and when d coincides 
with o, the centre of the picture will be at o, and all the 
images of the object placed in the plane a o b will be simi- 
krly disposed in all the sectors which compose the circular 
field of view. Hence we may conclude, that a perfectly 
symmetrical pattern cannot be exhibited in the circular field 
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of view, when the object is placed between o and b, or any- 
where within the reflectors. If the eye could be placed 

Fig. i«. 



aO'A 




exactly at the angular point e, so that every point of the 
line £ o should be projected upon o, then the images would 
be symmetrically arranged round o; but this is obviously 
impossible, for the object would, in such circumstances, 
cease to become visible when this coincidence took place. 
But independent of the eccentricity of the pattern, the 
position of the object within the mirrors prevents that 
motion of the objects, without which a variation of the 
pattern cannot be produced. An object between the re- 
flectors must always be exposed to view, and we cannot 
restrict our view to one-half, one-third, or one-fourth of it, 
as when we have it in our power to move the objects across 
the aperture, or the aperture over the objects. 

Another evil arising from the placing of the objects 
within the mirrors, is, that we are prevented from giving 
them the proper degree of illumination which is so essential 
to the distinctness of the last reflexions. The portions of 
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the mirrors, too, beyond the objects, or those between d and 
o, are wholly unneoeesaiy, as they are not concerned in the 
formation of the picture. Hence it follows, that the effects 
of the Kaleidoscope cannot be produced by any combination 
of idrrors, in which the objects are placed within them. 

Let us now consider what will happen, by removing the 
object beyond the plane passing through aob. In this 
case the pattern will lose its symmetiy from two causes. 
In the first place, it is manifest, as already explained, 
that as the eye is necessarily raised a little above the 
point E, and also above the (Sanes a o e, b o e, it must 
see through the aperture aob a portion of the object 
situated below both of these planes. This part of the 
object will therefore appear to project beyond the point, or 
below the plane where the direct and reflected images meet 
If we suppose, therefore, that all the reflected images were 
83rmmetrical, the whole picture would lose its symmetry in 
consequence of the irregularity of the sector aob seen by 
direct vision* But this supposition is not correct ; for since 
the image m n. Fig. 3, seen by direct vision does not coin- 
cide with the first reflected images mn', nm', it is clear that 
all the other images will likewise be incoincident, and, 
therefore, that the figure formed by their combination must 
lose its symmetry, and, consequently, its beauty. 

As the eye must necessarily be placed above a line per- 
pendicular to the plane a b o at the point o, it will see a 
portion of the object situated below that perpradicular 
continued to the object Thus, in Fig. 1 6, if the eye is 
placed at e above e, and if m n is the object placed at the 
distance p o, then the eye at e will observe the portion p o' 
of the object situated below Ihe axis p o e, and this portion. 
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which may be called the abberration, will vary with the 
height E 6 of the eye, and with the distance op of the 
object 

Fw. 17. 



flTfl'A.' 




Let us now suppose £ e and o p to be constant, and that 
a polygonal figure is fonned by some line placed at the 
point Q of the object m n. Then if p q is very great com- 
pared with p o', the polygonal figure will be tolerably regu- 
lar, though all its angles will exhiMt an imperfect junction, 
and its lower half will be actually, though not very per- 
ceptibly, less than its upper half. But if q approaches to 
p, p o* remaining the same, so that p o' bears a considerable 
ratio to p Q, then the polygonal figure will lose all symme- 
try, the upper sectors being decidedly the largest, and the 
lowest sectors the smallest When q arrives near p, the 
aberration becomes enonnous„aiid the figure is so distorted, 
that it can no longer be recognised as a polygon. 

The deviation from symmetry, therefore^ arising from the 
removal of the object from the extremity of the reflectors, 
increases as the object approaches to the centre of the lumi- 
nous sectors or the circular field, and this deviation become" 

D 
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SO perceptible, that an eye accustomed to observe and ad- 
mire the symmetry of the combined objects, will instantly 
perceive it, even when the distance of the object or p o is 
less than the twentieth part of an inch. When the object 
is very distant, the defect of synmietry is so enormous, that 
though the object is seen by direct vision, and in some of 
the sectors, it is entirely invisible in the rest. 

The principle which we have now explained is of primary 
importance in the construction of the Kaleidoscope, and it 
is only by a careful attention to it that the instrument can 
be constructed so as to give to an experienced and fastidious 
eye that high delight which it never fails to derive from 
the exhibition of forms perfectly synmietricaL 

From these observations it follows, that a picture pos- 
sessed of mathematical symmetry, cannot be produced unless 
the object is placed exactly at the extremity of the reflectors, 
and that even when this condition is complied with, the 
object itself must consist of lines all lying in the same plane, 
and in contact with the reflectors. Hence it is obvious, 
that objects whose thickness is perceptible, cannot give 
mathematically synmietrical patterns, for one side of them 
must always be at a certain distance from o. The deviation 
in this case is, however, so small, that it can scarcely be 
perceived in objects of moderate thickness. 

In the simple form of the Kaleidoscope, the production 
of symmetrical patterns is limited to objects which can be 
placed close to the aperture a o b ; but it will be seen in 
the sequel of this treatise, that this limitation may be 
removed by an optical contrivance, which extends indefi- 
nitely the use and application of the instmment. 
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CHAPTER VI. 

ON THE INTENSITY OF THE LIGHT IN DIFFERENT PARTS OF 
THE FIELD, AND ON THE EFFECTS PRODUCED BY VARYING 
THE LENGTH AND BREADTH OF THE REFLECTORS. 

When we look through a Kaleidoscope in which the 
mirrors are placed at an angle of 18^ or 22 J**, the eye will 
perceive a very obvious difference in the intensity of the 
light in different parts of the field. If the inclination of 
the mirrors be about 30', and the eye properly placed near 
the angular point, the intensity of the light is tolerably 
uniform ; and a person who is unaccustomed to the compa- 
rison of different lights, will find it extremely difficult to 
distinguish the direct sector from the reflected ones. This 
difficulty will be still greater if the mirrors are made of 
finely polished steel, or of the best speculum metal, and the 
observer will not hesitate in believing that he is looking 
through a tube whose diameter is equal to that of the cir- 
cular field. This approidmation to uniformity in the inten- 
sity of the light in all the sectors, which arises wholly from 
the determination of the proper position of the eye, is one 
of the most curious and unexpected properties of the Kalei- 
doscope, and is one which could not have been anticipated 
from any theoretical views, or from any experimental results 
obtained from the ancient mode of combining plain mirrors. 
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It is that property, too, which gives it all its valne ; for, if 
the eye observed the direct sector with its included objects 
distinguished from all the rest by superior brilliancy, not 
only would the illusion vanish, but the picture itself would 
cease te afford pleasure, from the want of symmetry in the 
light of the field. 

Before we proceed to investigate the effects produced by 
a variation in the length of the reflecting planes, it will be 
necessary to consider the variation of the intensity of the 
light in different parts of the reflected sectors. In the 
direct sector a o b, Fig. 2, the intensity of the light is 
uniform in every part of its surface ; but this is far from 
being the case in the images formed by reflexion. In Fig. 1 7, 
take any two points m, o, and draw the lines m n, o p, 
perpendicular to a o, and meeting jS o in n and p. Let o e, 
Fig. 18, be a section of the reflector a o seen edgewise, and 
let p, o n, be taken equal to the lines mn, o p, or the 

Fio. 18. 




height of the points n, p, above the plane of the reflector 
A o. Make oBtoBEas o/>istoEe the constant height 
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of the eye above the reflecting plane, and ortorsason 
to E «, and the points s, r, will be the points of incidence 
of the rays issuing from p and n ; for in this case o B,p = 
E R 6, and o r n = E r e. Hence it is obvious, that e R « 
is less than s r e, and that the rays issuing from />, by fall- 
ing more obliquely upon the reflecting surface, will be more 
copiously reflected. It follows, therefore, that the intensity 
of the light in the reflected sector a o jS is not uniform, the 
lines of equal brightness, or the isophotal lines, as they may 
be called, being parallel to the reflecting surface a o, and 
in every sector parallel to the radius, between the given 
sector and the reflecting surface by which the sector is 
formed. 

As it is easy from the preceding construction to determine 
the angles at which the light from any points m, n, is 
reflected, when the length oe of the reflectors, and the 
position of the eye at e is given, we may calculate the 
intensity of the light in any point of the circular field by 
means of the following table, which shows the number of 
rays reflected at various angles of incidence, the number of 
incident rays being supposed to be 1000. Part of this 
table was computed by Bouguer for plate-glass not quick- 
silvered, by means of a formula deduced from his experi- 
ments. By the aid of the same formula I have extended 
the table considerably. 



Table. 
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Table showing the quantity of light reflected at various 
angles of incidence from plate-glass. 



Complement of 
! the Angles 
of Incidence. 


Bays Boflected 

ont 

of 1000. 


Complement of 
tbe Angles 
of Incidence. 


Bays Beflected 

ont 

of 1000. 


1 

2^' 


584 


35» 


79 


5 


543 


36 


74 


7 


474 


37 


69 


10 


412 


38 


65 


12i 


356 


39 


61 


15 


299 


40 


57 


20 


222 


46 


40 


21 


210 


50 


34 


25 


157 


55 


29 


26 


149 


60 


27 


30 


112 


70 


25 


31 


105 


80 


25 


34 


85 


90 


25 



In order to explain the method of using the table, let us 
suppose that the angle of incidence, or oe jt). Fig. 19, is 
85° : then the number of rays in the corresponding point c 
of the reflected sector a o 6 (Fig. 1 7) will be 543. By letting 
fall perpendiculars from the points /i, ^r, upon the mirror b o, 
and taking op, on, Fig. 19, equal to these perpendiculars, 
we may ascertain the angles at which the light from the 
points /Gb, ^, suffer a second reflexion from the mirror b o. 
Let the angle for the point at be 10°, then the number of 
rays out of 1000 reflected at this angle, according to the 
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table, is 412 ; but as the number of rays emanating &om 
w, and incident upon bo, is not 1000, but only 543, we 




must say as 1000 : 412 = 543 : 224, the number of rays 
reflected from b o, or the intensity of the light in a point 
in the line o b' corresponding to ir. 

The preceding method of calculation is applicable only 
with strictness to the two sectors a o 6, boo, formed by 
one reflexion, for the intensity of the light in the other 
sectors which are formed by more than one reflexion, must 
be affected by the polarization which the light experiences 
after successive reflexions ; for light which has acquired 
this property is reflected according to laws different from 
those which regulate the reflexion of direct light. 

When the mirrors are metallic, the quantity of reflected 
light is also affected by its polarization, but it is regulated 
by more complicated laws. 

In Kaleidoscopes made of plates of glass, the last reflected 
image |S o w. Fig. 2, is more polarized than any of the rest, 
and is polarized in a plane perpendicular to x e, or in 
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the same manner as if it had been reflected at the polariz- 
ing angle from a vertical plane parallel to x e. 

Let us now consider what will take place by a variation 
in the length of the reflecting planes, the angular extent of 
the field of view remaining always the same. If a o e, 
A o E*, Fig. 20, be two reflecting plates of the same breadth 

Fig. 20. 




A o, but of different lengths, it is manifest that the light 
which forms the direct sector must be incident nearer the 
perpendicular, or reflected at less obliquities in the short 
plate than in the long one, and, therefore, that a similarly 
situated point in the circular field of the shorter instrument, 
will have less intensity of light than a similarly situated 
point in a larger instrument. But in this case, the field of 
view in the short instrument is proportionally enlaiged, so 
that the comparison between the two is incorrect. When 
the long and the short instrument have equal apparent 
apertures, which will be the case when the plates are a o e, 
a' o b', then similarly situated points of the two fields will 
have exactly the same intensity of light. 

This will be better understood from Fig. 19, where ob 
may represent the long reflector and o'b the short one. 
Then, if these two have exactly the same aperture, or a cir- 
cular field of the same angular magnitude, the rays of light 
which flow from two given points, p, w, of the long instru- 
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ment, will be reflected at a certain angle from the points 
s, t; but as the points p', n', are the corresponding points in 
the field of the shorter instrument^ the rays which issue from 
them will be reflected at the same angles from the points 
B, r, the eye being in both cases placed at the same point 
e. Hence it is obvious, that the quantity of reflected light 
will in both cases be the same, and, therefore, that there is 
no peculiar advantage to be derived, in so far as the light 
of the field is concerned, by increasing the length of the re- 
flectors, unless we raise the eye above «, till every part of 
the pupil receives the reflected rays. 

There is, however, one advantage, and a very important 
one, to be derived from an increase of length in the mirrors, 
namely a diminution of the deviation firom symmetiy which 
arises from the small height of the eye above the plane of 
the mirrors, and of the small distance of the objects from 
the extremity of the mirrors. As the height of the eye 
must always be a certain quantity, b «, Fig. 17, above the 
angular point e, whatever be the length of the reflectors, it 
is obvious, that when the length of the reflectors is e o, the 
deviation from symmetry will be only p o\ whereas when 
the length of the reflectors is reduced to e o, the height of 
the eye d e' being still equal to e e, the aberration will be 
increased to p o. This advantage is certainly of consider- 
able consequence ; but in practice the difficulty of con- 
structing a perfect instrument, increases with the length of 
the reflectors. When the plates are long, it is more diffi- 
cult to get the surface perfectly flat \ the risk of a bending 
in the plates is also increased, which creates the additional 
difficulty of forming a good junction, on which the excel- 
lence of the instrument so much depends. By augmenting 
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the length of the reflectors, the quantity of dust which col- 
lects between them is also increased, and it is then very 
difficult to remove this dust^ without taking the instrument 
to pieces. From these causes it is advisable to limit the 
greatest length of the reflectors to seven or eight inches. 
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CHAPTER VII. 

ON THE CONSTRUCTION AND USE OF THE SIMPLE 
KALEIDOSCOPE. 

In order to construct the Kaleidoscope in its most simple 
form, we must procure two reflectors, about five, six, seven, 
or eight inches long. These reflectors may be either rect- 
angular plates, or plates shaped like those represented in 
Fig. 1, having their broadest ends a o, b o, from one to 
two inches wide, and their narrowest ends a e, 5 e, half an 
inch wide. If the reflectors are of glass, the newest plate 
glass should be used, as a great deal of light is lost by em- 
ploying old plate glass, with scratches or imperfections upon 
its surface. The plate glass may be either quicksilvered 
or not, or its posterior surface may be ground, or covered 
with black wax, or black varnish, or anything else that 
removes its reflective power. This, however, is by no means 
absolutely necessary, for if the eye is properly placed, the 
reflexions from the posterior surface will scarcely affect the 
distinctness of the picture, unless in very intense lights. If 
it should be thought necessary to extinguish, as completely 
as possible, all extraneous light that may be thrown into 
the tube from the posterior surface of the glass plates, that 
surface should be coated with a varnish of the same refrac- 
tive and dispersive power as the glass. 

If the plates of glass have been skilfully cut with the 
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diamond, so as to have their edges perfectly straight, and 
free from chips, two of the edges may be placed together, 
as in Fig. 17 (p. 49), or one edge of one plate may be 
placed against the surface of the other plate, as shown in 
the section of Mr. Bates's Kaleidoscope. But if the edges 
are rough and uneven, one of them may be made quite 
straight, and freed from all imperfections, by grinding it 
upon a flat surface, with very fine emery, or with the 
powder scraped from a hone. When the two plates are 
laid together, so as to form a perfect junction, they are 
then to be placed in a brass or any other tube, so as to 
form an angle of 45'', 36", 30®, or any even aliquot part 
of a circle. In order to do this with perfect accuracy, direct 
the tube containing the reflectors to any line, such as m n, 
Fig. 2, placed very obliquely to one of the reflectors a o, 
and open or shut the plates till the figure of a star is formed, 
composed of 8, 10, or 12 sectors, or with 4, 5, or 6 points, 
corresponding to angles of 45°, 36", and 30". When all 
the points of the star are equally perfect, and none of the 
lines which form the salient and re-entering angles disunited, 
the reflectors must be fixed in that position by small arches 
of brass or wood a b, a 6, Fig. 21, filed down till they 
exactly fit the space between the open ends of the plates. 
The plates must then be kept in this position by pieces or 
wedges of cork or wood, or any other substance pushed be- 
tween them and the tube. The greatest care, however, must 
be taken that these wedges press lightly upon the reflectors, 
for a very slight force is capable of bending and altering the 
figure even of very thick plates of glass. 

When the reflectors are thus placed in the tube, as in Fig. 
21, their extremities a e, 6 e, next the eye, must reach to the 
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veiy end of the tube, as it is of the greatest importaiice 
that the eye get as near as possible to the reflectors. The 

Fio. 21. 







other ends of the reflectors a o, b o, must also extend to 
the other extremity of the tube, in order that they may be 
brought into contact with the objects which are to be 
applied to the instrument In using transparent objects the 
cell or box which contains them may be screwed into the end 
of the tube, so as to reach the ends of the reflectors, if they 
happen to terminate within the tube ; but an instrument 
thus constructed is incapable of being applied to opaque 
objects, or to transparent objects seen by reflected light 

If the plates are narrower at the eye end, as in Fig. 21, 
the angular point x should be a little on one side of the axis 
of the tube, in order that the aperture in the centre of the 
brass cap next the eye may be brought as near as possible 
to E. When the plates have the same breadth at both ends, 
the angular point s will be near the lower circumference of 
the tube, as it is at o ; and in this case it is necessary to 
place the eye-hole out of the centre, so as to be a little above 
the angular point e. This construction is less elegant than 
the preceding ; but it has the advantage of giving more 
room for the introduction of a feather, or a piece of thin 
wood covered with leather, for the purpose of removing the 
dust which is constantly accumulating between the reflectors. 
In some instances the plates have been put together in such 
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a maimer iihat they may be taken out of the tube, for the 
purpose of being cleaned ; but though this construction has 
its advantages, yet it requires some ingenuity to replace 
the reflectors with facility, and to fix them at the exact in- 
clination which is required. One of the most convenient 
methods is to support the reflector in a groove cut out of 
a solid cylinder of diy wood of nearly the same diameter as 
the tube ; and after a slip of wood, or any other substance, 
is placed along the open edges of the plates, to keep them 
at the proper angle given by the groove, the whole is 
slipped into the tube, where it remains firm and secure 
from all accident. 

If the length of the reflectors is less than the shortest 
distance at which the eye is capable of seeing objects with 
perfect distinctness, it will be necessary to place at the eye 
end js a convex lens, whose focal length is equal to, or an 
inch or two greater than, the length of the reflectors. By 
this means the observer will see with perfect distinctness 
the objects placed at the object end of the Kaleidoscope. 
This lens, however, must be removed when the instrument 
is to be used by persons who are short-sighted. 

The proper application of the objects at the end of the 
reflectors is now the only step which is required to complete 
the simple Kaleidoscope. The method of forming, select- 
ing, and mixing the objects, will be described in the next 
chapter. At present, we shall confine our attention to the 
various methods which may be employed in applying them 
to the end of the reflectors. 

The first and most simple method consists in bringing * 
the tube about half an inch beyond the ends of the reflectors. 
A circular piece of thin plane glass of the same diameter as 



Digitized by 



Google 



CHAP. Vn. THE SIMPLE KALEIDOSCOPE. 63 

the tube, is then pushed into the tube, so as to touch the 
reflectors. The pieces of coloured glass being laid upon 
this piece of glass when the tube is held in a vertical posi- 
tion, another similar disc of plane glass, having its outer 
surface ground with fine emery, is next placed above the 
glass fragments, being prevented from pressing upon them, 
or approadiing too near the first plane glass by a ring of 
copper or brass ; and is kept in its place by burnishing 
down the end of the tube. The eye being placed at the 
other end of the instrument, the observer turns the whole 
round in his hand, and perceives an infinite variety of beau- 
tiful figures and patterns, in consequence of the succession 
of new fragments, which are brought opposite the aperture 
by their own gravity, and by the rotatory motion of the 
tube. In this rude state, however, the instrument is by 
no means susceptible of affording very pleasing exhibitions. 
A very disagreeable effect is produced by bringing the 
darkest sectors, or those formed by the greatest number of 
reflexions, to the upper part of the circular field, and though 
the variety of ](Jattems will be very great, yet the instru- 
ment is limited to the same series of fragments, and cannot 
be applied to the numerous objects which are perpetually 
presenting themselves to our notice. These evils can be 

Fig. 22. 




removed only by adopting the construction shown in Fig. 
22, in which the reflectors reach the very end of the tube. 
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Upon the end of the tube ab,edf Fig. 22, is placed a 
ring of brass, m n, which moves easily upon the tube ahcd^ 
and is kept in its place by a shoulder of brass on each side 
of it A brass cell, m n, is then made to slip tightly upon 
the moveable ring mn, so that when the cell is turned 
round by means of the milled end at m n, the ring m n 
may move freely upon the tube. The fragments of 
coloured glass, etc, are now pkced in a small objedrbox, as 
it may be called, consisting of two glasses, the innermost 
of which, mn, is transparent, and the other ground on the 
outside p, and kept at the distance of l-8th or 1-lOth of 
an inch by a brass rim : this brass rim generally consists 
of two pieces, which screw into one another, so that the 
ol^*ect-plate can be opened by unscrewing it, and the frag- 
ments changed at pleasure. This object-box is placed at 
the bottom of the cell m n, as shown at o p, and the depth 
of the cell is such as to allow the side o to touch the end 
of the reflectors, when the cell is slipped upon the ring m n. 
When this is done, the instrument is held in one hand with 
the angular point e, Fig. 21, downwards, which is known 
by a mark on the upper side of the tube between a and 5, 
and the cell is turned round with the other hand, so as to 
present different fragments of the included glass before the 
aperture a o b. The tube may be directed to the brightest 
part of the sky in the day-time, or in the evening to a 
candle, or an Argand Lamp, so as to transmit the light 
directly through the coloured fragments ; but it will always 
be found to give richer and more brilliant effects if the tube 
is directed to the window shutter, a little to one side of the 
light, or is held to one side of tiie candle — or, what is still 
better, between two candles or lamps placed as near each 
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other as possible. In this way the picture created by the 
instminent is not composed of the harsh tints formed by 
transmitted light ; but of the various reflected and softened 
colours which are thrown into the tube from the sides and 
angles of the glass fragments. When the pattern remains 
fixed in any position of the instrument, a variety of beauti- 
ful changes may be effected by making the end of the tube 
revolve round a candle or a bright gas flame, placed 
near the object-plate. The general pattern remains the 
aame, but its colours vary both in their position and in- 
tensity, as the- light falls upon different sides of the frag- 
ments of glass. 

In the preceding method of applying the objects to the 
reflectors, the fragments of coloured glass are introduced 
before the aperture, and pass across it in concentric circles ; 
and as the fragments always descend by their own gravity, 
the changes in the picture, though infinite in number, con- 
stantly take place in a similar manner. This defect may 
be remedied, and a great degree of variety exhibited in the 
motion of the fragments, by making the object-plates rect^ 
angular instead oi circular, and moving them through a 
grove cut in the cell at m n, in the same manner as is done 
with the pictures or sliders for the magic-lantern and solar 
microscope. By this means the different fragments that 
present themselves to the aperture may be made to pass 
across it in every possible direction, and very interesting 
effects may be produced by a combination of the rotatoiy 
and rectilineal motions of the object-plate. When the 
object or objects are fixed, and the tube with the reflectors 
moved round a centre, as described in Chapter 11.,^ we have 

1 See Chapter X. 
£ 
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the same succession of symmetrical pictures ; but in this 
case every alternate sector is stationary, and the same num- 
ber in motion, the moving figures always changing their 
form, and assuming that of the figures in the stationary 
sectors, which of course change, while the ends of the 
mirror pass over the fixed objects. 

When the simple Kaleidoscope is applied to opaque 
objects, such as a seal, a watch-chain, the seconds hands of 
a watch, coins, pictures, gems, shells, flowers, leaves, and 
petals of plants, impressions from seals, etc., the object, 
instead of being held between the eye and the light, must 
be viewed in the same manner as we view objects through 
a microscope, being always placed as near the instrument as 
possible, and so as to allow the light to fall freely upon the 
object. The object-plates, and all transparent objects, may 
be viewed in this manner ; but the most splendid exhibi- 
tion of this kind is to view minute fragments of coloured 
glass, and objects with opaque colours, etc., placed in a flat 
box, the bottom of which is made of mirror-glass. The 
light reflected from the mirror-glass, and transmitted through 
the transparent fragments, is combined with the light re- 
flected both from the transparent and opaque fragments, 
and forms an effect of the finest kind. 

As dust is apt to collect in the angle formed by the 
reflectors, it may be removed when the reflectors are fixed, 
either by the end of a strong feather, or blown away with 
a pair of bellows. When the dust is lodged upon the face 
of the reflectors, it should be removed by a piece of soft 
leather. 
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CHAPTEK VIII. 

ON THE SELECTION OF OBJECTS FOR THE KALEmOSCOPE, AND 
ON THE MODE OF CONSTBUCTINa THE OBJECT-BOX. 

Although the EaleidoBcope is capable of creating beauti- 
ful forms from the most ugly and shapeless objects, yet the 
combinations which it presents, when obtained from certain 
shapes and colours, are so superior to those which it pro- 
duces from others, that no idea can be formed of the power 
and effects of the instrument, unless the objects are judi- 
ciously selected. 

When the inclination of the reflectors is great, the objects, 
or the fragments of coloured glass, should be larger than 
when the inclination is smaU ; for when small fragments 
are presented before a large aperture, the pattern which is 
created has a spotted appearance, and derives no beauty 
from the inversion of the images, in consequence of the 
outline of each separate fragment not joining with the 
inverted image of it 

The objects which give the finest outlines by inversion, are 
those which have a curvilineal form, such as circles, ellipses, 
looped curves like the figure 8, curves like the figure 3 and 
the letter S ; spirals, and other forms, such as squares, 
rectangles, and triangles, may be applied with advantage. 
Glass, both spun and twisted, and of aU colours, and shades 
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of colours, should be formed into the preceding shapes ; 
and when these are mixed with pieces of flat coloured glass, 
blue vitriol, native sulphur, yellow orpiment, differently 
coloured fluids, enclosed and moving in small vessels of glass, 
etc., they will make the finest transparent objects for the 
Kaleidoscope. When the objects are to be laid upon a 
mirror plate, fragments of opaquely-coloured glass should 
be added to the transparent fragments, along with pieces 
of brass wire, of coloured foils, and grains of spelter. In 
selecting transparent objects, the greatest care must be taken 
to Tcgect fragments of opaque glass, and dark colours that 
do not transmit much light ; and all the pieces of spun 
glass, or coloured plates, should be as thin as possible 

When the objects are thus prepared, the next step is to 
place them in the object-box. The distance between the 
interior surfstoes of the two plane glasses, of which the 
object-plates are generally composed, should be as small 
as possible, not exceeding l-8th of an inch. The outer- 
most of these glasses has its ext^nal surface rough ground, 
or is what is called a grey glan^ tiie principal use of which 
is to prevent the lines of external objects, such as the bars of 
the window, or the outlines of the illuminating flame from 
bdng introduced into the pi6ture. When a strong light is 
used, a circular disk of fine thin paper placed outside of the 
object-box may be advantageously employed in place of the 
ground glass. The thickness of the transparent glass plate 
next the reflectors should be just sufficient to keep the glass 
from breaking ; and the interior diameter of the brass rings 
into which the transparent and the grey or ground plates of 
glass are burnished, should be so great that no part of the 
brass rim may be opposite the angular part of the reflec- 
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tors during the rotatory motion of the oelL If this precau- 
tion is not attended to, the central part of the pattern, where 
the development of new forms is generally the most beauti- 
ful, will be entirely obliterated by the interposition of the 
brass rim. Instead of using transparent or grey glasses on 
the sides of every object-box, some of the boxes should be made 
with disks of flint glass, the interior surface of which have 
been stamped while in a state of fusion with a sort of pat- 
tern, or with curved lines of a pleasing form. In others, the 
outer surface alone of the plate next the reflectors might be 
thus formed. An object-box might also be formed of disks of 
glass, one side of which is colourless, and the other coloured, 
some of the coloured portions being ground away irregularly, 
as in certam Bohemian articles of glass ; and the colour in 
one disk may be complementary to that in the other. In 
object-boxes of this kind, pieces of coloured glass may also 
be placed. When the two parts of the object-boxes thus 
constructed are screwed or fixed together, the box should be 
nearly two-thirds filled with the mixture of regular and 
irregular objects, already mentioned. If they fall with 
difficulty during the rotation of the cell, two or three turns 
of the screw backward, when there is a screw, will relieve 
them ; and if they fall too easily, and accumulate, by slip- 
ping behind one another, the space between the glasses may 
be diminished by placing within the box another glass in 
contact with the grey glass. 

When the object-box, now described, is placed in the cell, 
and examined by the Kaleidoscope, the pictures which it 
forms are in a state of perpetual change, and can never be 
fixed, and shown to another person. To obviate this 
disadvantage, an object-box with fixed objects generally 
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accompanies the instrument ; the pieces of spun and coloured 
glass are fixed by a transparent cement to the inner side 
of the glass of the object-plate, next the eye, so that 
the patterns are all permanent, and may be exhibited to 
others. After the cell has performed a complete rotation, the 
same patterns again recur, and may therefore be at any time 
recalled at the pleasure of the observer. The same patterns, 
it is true, will have a different i^pearance, if the light falls 
in a different manner upon the objects, but its general 
character and outline will, in most cases, remain the same. 

The object-boxes which have now been described, are 
made to fit the cell, but at the same time to slip easily 
into it, so that they themselves have no motion separate 
from that of the cell An object-plate, however, of a less 
diameter, called the vibrating object-plate, and containing 
loose objects, is ,an interesting addition to the instrument. 
When the Kaleidoscope is held horizontally, this small 
object-plate vibrates on its lower edge, either by a gentle 
motion of the tube, or by striking it sUghtly with the 
finger ; and the effect of this vibration is singularly fine, 
particularly when it is combined with the motion of the 
coloured fragments. 

Another of the object-boxes, in several of the instruments, 
contains either fragments of colourless glass, or an irre- 
gular surface of transparent varnish or indurated Canada 
balsam. This object-box gives very fine colourless figures 
when used alone ; but its principal use is to be placed in 
the cell between an object-box with bright colours and the 
end of the instrument. When this is done, the outline of 
the pieces of coloured glass are softened down by the refrac- 
tion of the transparent fragments, and the pattern displays 
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the finest effects of soft and brilliant colouring. The 
colourless object-box supplies the outline of the pattern, and 
the mass of colour behind fills it up with the softest tints. 

Some of the object-boxes are filled with iron or braas 
wires, twisted into rarious forms, and rendered broader 
and flatter in some places by hammering. These wires, 
when intermixed with a few small fragments of coloured 
glass, produce a very fine effect. Other object-plates have 
been made with pitch, balsam of tolu, gum lac, and thick 
tran^)arent paints ; and when these substances are laid on 
with judgment, they form excellent objects for the Kaleido- 
scope. Lace has been introduced with considerable effect, 
and also festoons of beads strung upon wire or thread ; but 
pieces of glass, with cut and polished faces, are ill fitted for 
objects. When the object-box is wide, certain insects may 
be introduced temporarily, without killing or injuring them, 
and the crystallization of certain saltB from their solution, 
and other chemical changes, may be curiously exhibited. ' 

Hitherto we have supposed all colours to be indiscrimi- 
nately adopted in the selection of objects ; but it will 
be found from experience, that though the eye is pleased 
with the combination of various objects, yet it derives this 
pleasure from the beauty and symmetry of the outline, and 
not from the union of many different tints. Those who are 
accustomed to this kind of observation, and who are 
acquainted with the principles of the harmony of colours, 
will soon perceive the harshness of the effect which is pro- 
duced by the predominance of one colour, by the juxta- 
position of others, and by the accidental union of a number ; 
and even those who are ignorant of these principles, will 
acknowledge the superior effect which is obtained by the 
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exclusion of all other colours except tiiose which harmo- 
nize with each other. 

In order to enable any person to ind what colours har- 
monize with each other, I have drawn up the following 
table, which contains the harmonic colours. 



Deepest Red, . 
Red, . . . 
Orange Red, . 

Orange, . . 

Orange Yellow, 

YeUow, . . 

Greenish Yellow, 
Green, . . . 
Greenish Blue, 
Blue, . . . 
Indigo, . . . 
Violet, , . . 



. Blue and Green equally mixed. 

. Blue and Green, with most Blue, mixed. 

. Blue mixed with much Indigo. 

jBlue and Indigo, the Indigo predomi- 

( nating. 
. Indigo unmixed. 

(Violet and Indigo nearly in equal por- 

( tions. 
. Pale Violet 
. Violet. 

. Violet and Red in equal portions. 
. Orange Red, Red. 
. Orange Yellow. 
. Green. 



It appears from the preceding table that Bluish Green 
harmonizes with Eedy or, in other words, Bed is said to be 
the accidental colour of Bluish Green, and vice versa. These 
colours are also called complementary colours, because the 
one is the complement of the other, or what the oth^ wants 
of white light ; that is, when the two colours are mixed, 
they will always form white by their combination.^ 

The following general method of finding the harmonic 
colours will enable the reader to determine them for tints 

1 See the article AccidenttU Colourt, in ihe Edikbueqb EiiCTCLoFiBDiA. toL i. 
p. 88. 
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not contained in the preceding tabla Let a b, Fig. 23, be 
the prismatic spectrum, containing all the seven colours, 
namely, Bed, Orange, YdloWy Greeny Blue, Indigoy and 
Violeb, in the proportion assigned to them by Sir Isaac 



Fio. 28 
A 



B 



Newton, and marked by the dotted lines. Bisect the a b 
at m, so that a m is equal to b m, and let it be required to 
ascertain the colour which harmonizes with the colour in the 
Indigo space at the point p. Take a m, and set it from 
p to 0, and the colour opposite o, or an orange yellow, 
will be that which harmonizes with the indigo at p. If 
p is between m and a, then the distance a m must be set 
off from m towards n. 

In order to show the method of constructing object- 
boxes on the preceding principles, we shall suppose 4hat 
the harmonic colours of orange-yellow and indigo are to 
be employed. Four or five regular figures, such as those 
already described, must be made out of indigo-coloured 
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glass, some of them being plain, and others twisted. The 
same number of figures must also be made out of an orange- 
yellow glass; and some of these may be drawn of less 
diameter than others, in order that tints of various intensi- 
ties, but of the same colour, may be obtained. Some of 
these pieces of spun glass, of an indigo colour, may be in- 
tertwisted with fibres of the orange-yellow glass. A few 
pieces of white flint-glass, or crystal spun in a similar man- 
ner, and intertwisted, some with fibres of orange-yellow, 
and others with fibres of indigo glass, should be added ; 
and when all these are joined to some flat fragments of 
orange-yellow glass, and indigo-coloured glass, and placed 
in the object-plate, they wiU exhibit, when applied to the 
Kaleidoscope, the most chaste combinations of forms and 
colours, which will not only delight the eye by the beauty 
of their outline, but also by the perfect harmony of their 
tints. By using the thin and highly-coloured films or 
flakes of decomposed glass, very brilliant and beautiful 
patterns are produced. These films may be placed either 
upon a mirror plate or upon black wax, and they may be 
placed among other objects, or fixed in movable cells. By 
applying the Kaleidoscope to crystals in the act of forma- 
tion, shooting out in different directions, symmetrical pat- 
terns are instantaneously created. 

The effect produced by objects of only one colour is 
perhaps even superior to the combination of two har- 
monic colours. In constructing object-plates of this kind, 
various shades of the same colour may be adopted ; and 
when such objects are mixed with pieces of colourless glass, 
twisted and spun, the most chaste and delicate patterns are 
produced ; and those eyes which suffer pain from the con- 
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templation of yarious colours, are able to look without un- 
easiness upon a pattern in which there is only one. 

In order to show the power of the instrument, and the 
extent to which these combinations may be carried, I have 
sometimes constructed a long object-plate, like the slider of 
the magic lantern, in which combinations of all the principal 
harmonic colours followed one another in succession, and 
presented to the eye a series of brilliant visions no less gra- 
tifying to some persons, and to some others even more gra- 
tifying, than those successions of musical sounds from which 
the ear derives such intense delight 

We cannot conclude this chapter without noticing the 
fine effects which are produced by the introduction of carved 
gems, and figures of all kinds, whether they are drawn or 
engraved on opaque, or transparent grounds. The particular 
mode of combining these figures will be pointed out in a 
subsequent chapter. 
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CHAPTER IX. 

ON THE ILLUMINATION OP TEANSPAEBNT OBJECTS IN THE 
KALEIDOSCOPE. 

When the Kaleidoscope is directed to the sky, or to a 
luminous object, such as a gas flame, or the flame of a 
candle, a uniform tint is seen through the pieces of glass, 
or other transparent fragments that have flat surfaces, and 
there is a certam degree of hardness in their outlines. 
When the instrument is not opposite the flame, but directed 
to one side of it, the light enters the transparent fragments 
obliquely, and a much finer effect is produced. The pat- 
tern, indeed, changes very considerably by making the 
Kaleidoscope more round the flame. An excellent effect is 
obtained, as we have already stated, by directing the tube 
between two bright lights ; and the richness of the symme- 
trical pattern increases with the number of lights which 
illuminate the objects. As it would be inconvenient to 
adopt such a mode of illumination, it becomes of import- 
ance to have some contrivance attached to • the instrument, 
by which we can illuminate the objects by light falling upon 
them in different directions. 

The simplest method of thus illuminating the objects, is 
to fix on the end of the Kaleidoscope the portion of a 
metallic or silvered-glass cone. The light of a bright 
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flame, placed in front of the cone, will be reflected from its 
interior surface, and fall obliquely on the fragments of 
coloured glass. In many cases the effect will be increased 
by placing in the base or mouth of the cone a circular stop, 
or opaque disk, in order to prevent any light from falling 
directly upon the objects, their oblique illumination being 
produced solely by the rays reflected f:om the interior sur- 
face of the cone. This will be understood from the an- 
nexed figure, where m a n c is a portion of the cone, fixed 
to the end e f of the Kaleidoscope, and m n o p the object- 

FiQ. 24. 




box. If the angle formed by the sides of the cone is such 
that a ray of the sun s light falling upon H, the upper margin 
of the reflecting surface of the cone, is reflected to o, the 
lower side of the object-box, then all the rays of a beam of 
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the Bun*B light incident upon the upper half of the conical 
surface, will be reflected upon the object-box ; and, for the 
same reason, if a ray falling on n is reflected to m, all the 
other rays falling on the lower half of the conical surface 
will be reflected upon the object-box, and illuminate obliquely 
the objects which it contains. 

In the Kaleidoscopes of more recent construction, the 
object-box is made transparent throughout, — ^the plat^ of 
glass mn, p being fixed in a cyclindrical case of glass 
mno p, BO that rays b b, either parallel or diveiging, may 
be reflected from the cone a b c d, and after passing 
through the transparent cylindrical rim m n o p, illuminate 
the objects. Another cone a m n c, with its angle less than 
a right angle, may be joined to a b d c, so as to throw the 
rays obliquely into m n and o p, and also, if desired, upon 
the front glass m o of the object-box, the direct rays being 
excluded by an opaque disk s s. In this construction, the 
outer face of the glass m o should not be ground, as it would 
prevent the admission of the light to the objects, the exclu- 
sion of external objects, the purpose for which the grey 
glass is required, being effected by the stop s s. The illumi- 
nating cone may be of tin, or, what is much better, of 
plated copper, which reflects more light than any other 
metal, and it must be so attached to the tube containing 
the reflectors, as t6 have a rotatory motion. 

The same kind of lateral illumination may be obtained 
from polyhedral cones or hemispheres of solid glass. If 
A B c D, Fig. 25, is the section of a polyhedral cone of flint 
or plate glass, a portion m n o p \& cxA out of its base a b, 
to form an object-box for the reception of the pieces of 
coloured glass, or other objects. The sides w n, m o, o p. 
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being highly polished, rays of light, either parallel, as ema- 
nating from the sun, or diverging from artificial sources of 
light, will be refracted and fall obliquely upon the faces of 
the object-box, and illuminate its contents with the irre- 
gular prismatic spectra which are formed by refraction. 
The apex d c e may, in some cases, be cut oflf, and the 
polygonal section d e blackened in order to prevent the 
introduction of direct light, and act as the stop s s in the 
preceding figure. 

Fio. 25. 




A similar effect will be obtained from a polyhedral solid, 
of a hemispherical form, as shown in Fig. 26, where 
A c, c D, D e, B p, p G, G E, are polished facets, by 
which parallel or diverging rays inmiediately before it, or 
incident in any lateral direction, may be refracted so as to 
illuminate by the prismatic rays the objects in the box 
mn p. The front dec may have an apex, as in Fig. 
25 , or may be made spherical to act as a condensing lens, 
the surface of which may be blackened when necessary, for 
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the purpose of excluding the direct light These illumina- 
tors may be attached in rarious ways to the tube contain- 
ing the reflectors, so to have a rotatory motion in front of 
them. 



Fio. M. 




When the light is strong, a circular disk of fine gramed 
white paper may be advantageously placed upon the outer 
face m o of the object-box. 
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CHAPTER X. 

ON THE CONSTEUCTION AND USE OF THE TELESCOPIC 
KALEIDOSCOPE, FOB VIEWING OBJECTS AT A DISTANCE. 

We have already seen, in ezidaining the principles of the 
Kaleidoscope, that a symmetricEd picture cannot be formed 
from oltj^^ placed at any distance from the instrument If 
we take the simple Kaleidoscope, and holding an object-box 
in contact with the reflectors, gradually withdraw it to a 
distance, the picture, which is at first perfect in eveiy part, 
will, at the distance of one-tenth of an inch, begin to be 
distorted at the centre, from the disunion of the reflected 
images ; the distortion will gradually extend itself to the 
circumference, and at the distance of eighteen inches, or 
less, from the reflectors, all the symmetry and beauty of the 
pattern will disappear. An inexperienced eye may still 
admire the circular arrangement of the imperfect and dissi- 
milar images ; but no person acquainted with the instrument 
could endure the defects of the picture, even when the 
slightest distortion only is visible at the centre. 

As the power of the Kaleidoscope, therefore, in its simple 
form, is limited to transparent objects, or to the outline 
of opaque objects held close to the aperture of the reflectors, 
it becomes a matter of consequence to extend its power by 
enabling it to produce perfectly symmetrical patterns from 

p 
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opaque objects, from movable or immovable objects at a dis- 
tance, or from objects of such a magnitude that they cannot 
be introduced before the opening of the reflectors. Without 
such an extension of its power, the Kaleidoscope might 
only be regarded as an instrument of amusement; but 
when it is made to embrace objects of all magnitudes, and 
at all distances, it takes its place as a general philosophical 
instrument, and becomes of the greatest use in the fine, as 
well as the useful arts. 

In considering how this change might be effected, it 
occurred to me, that if m n. Fig. 27, were a distant object, 
either opaque or transparent, it might be introduced into 
the picture by placing a lens l l, single or achromatic, at 
such a distance before the aperture a o b, that the image 



Fio. 27. 




of the object may be distinctly formed in the air, or upon 
a plate of glass, the inner side of which was finely ground, 
and in contact with the ends a o, b o of the reflectors, the 
plane passing through ao b. By submitting this idea to 
experiment, I found it to answer my most sanguine expec- 
tations. The image formed by the lens at A o b became a 
new object, as it were, and was multiplied and arranged 
by successive reflexions in the very same manner as if the 
object M N had been reduced in the ratio of m l to l a, and 
placed close to the aperture. 
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The Compound or Telescopic Kaleidoscope is therefore 
fitted up as shown in Fig. 28, with two tubes, a b, c d. 
The inner tube, a b, contains the reflectors as in Fig. 27, 
and at the extremity c, of the outer tube c d, is placed a 
lens which, along with the tube, may be taken off or put 
on at pleasure. The focal length of this lens should always 



Fio. 28. 

A 



be much less than the length of the outer tube c d, and 
should in general be such that it is capable of forming an 
image at the end of the reflectors, when a b is pulled out 
as much as possible, and when the object is within three or 
four inches of the lens. When it is required to introduce 
into the picture very large objects placed near the lens, 
another lens of a less focal length should be used ; and when 
the objects are distant, and not very large, a lens, whose 
principal focal length is nearly equal to the greatest distance 
of the lens from the reflectors, should be employed. 

When this compound Kaleidoscope is used as a simple 
instrument for viewing objects held close to the aperture, 
the tube a b ib pushed m as far as it will go, the cell with 
the object-plate is slipped upon the end c of the outer 
tube, and the instrument is used in the same way as the 
simple Kaleidoscope. 

In applying the compound Kaleidoscope to distant objects, 
the cell is removed and the lens substituted in its place. 
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The instrument is then directed to the objects, and the tube 
A B drawn out till the inverted images of the objects are seen 
perfectly distinct, or in focus, and the pattern consequently 
perfectly symmetrical When this is done, the pattern is 
varied, both by turning the instrument round its axis, 
and by moving it in any direction over the object to which 
it is pointed. 

When the object is about four inches from the lens, 
the tube requires to be pulled out as far as possible, and for 
greater distances it must be pushed in. The points suited 
to different distances can easily be determined by experi- 
ment, and marked on the inner tube, if it should be found 
convenient. In most of the instruments there is, near the 
middle of the tube a b, a mark which is nearly suited to all 
distances beyond three feet. The object-plates held in the 
hand, or the mirror-box placed upon a table, at a distance 
greater than five or six inches, may be also used when the 
lens L is in the tube. The furniture of a room, books and 
papers lying on a table, pictures on the wall, a blazing fire, 
the moving branches and foliage of trees and shrubs, bunches 
of flowers, horses and cattle in a park, carriages in motion, 
the currents of a river, waterfalls, moving insects, the sun 
shining through clouds or trees, and, in short, every object 
in nature may be introduced by the aid of the lens into 
the figures created by the instrument. 

The patterns which are thus presented to the eye are 
essentially different from those exhibited by the simple 
Kaleidoscope. Here the objects are independent of the 
observer, and all their movements are represented with the 
most singular effect in the symmetrical picture, which is as 
much superior to what is given by the simple instrument, 
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as the sight of living or moving objects is superior to an 
imperfect portrait of them. When the flame of a blazing 
fire is the object, the Kaleidoscope creates from it the most 
magical fireworks, in which the currents of flame which 
compose the picture can be turned into every possible 
direction. 

In order to mark with accuracy the points on the tube 
A B, suited to different distances, the instrument should be 
directed to a straight line, inclined like m n. Fig. 3, to the 
line bisecting the angular aperture a o b, and brought 
nearer to the centre o of the field. The perfect junction of 
the reflected images of the line at the points m' n\ &c., so 
as to form a star, or a polygon with salient and re-entering 
angles, will indicate with great nicety, that the tube has 
been pulled out the proper length for the given distance. 
In this way, a scale for different distances, and scales for 
different lenses, may be marked on the tube. 

In the construction of the Tele-Kaleidoscope, as it may be 
called, the greatest care must be taken to have the lens of 
sufficient magnitude. If it is too small, the field of view 
will not coincide with the circular pattern, that is, the 
centre of the circular pattern will not coincide with the 
centre of the field ; and this eccentricity will increase as 
the distance of the lens from the reflectors is increased, or 
as the object introduced into the picture approachefs to the 
instrument. The boundary of the luminous field is also an 
irregular outline, consisting of disunited curves. These 
irregularities are easily explained. When the lens is too 
small, the luminous field is bounded by the brass rim in 
which the glass is fixed ; and as this brass rim is at a 
distance from the reflectors, the portion of it presented to 
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the angular aperture cannot be formed by successiye re- 
flexions into a continuous curve ; and for the same reason, 
the upper sectors of the luminous field are larger than the 
lower ones, and consequently the centre of the pattern 
cannot coincide with that of the field. In order to 
avoid these defects, therefore, the diameter of the lens 
should be such, that when it is at its greatest distance from 
the reflectors, the field of view may be bounded by the arch 
A B, Fig. 1 3, and not by the brass rim which holds the 
lens. This may be readily known by removing the eye- 
glass, and applying the eye at e when the lens is at its 
greatest distance. If the eye cannot see the brass rim, 
then the lens is sufficiently large ; but if the brass rim is 
visible, the lens is too small, and must be enlarged till it 
ceases to become visible. Sometimes the lens has been 
made so small that the brass rim is seen not only at a b, 
but appears also above the angular point o, and produces 
a dark spot in the centre of the picture. 

Instead of using two tubes, a lens is sometimes fitted 
into a tube about an inch longer than the focal length of 
the glass, and this tube is slipped upon the object end 
ABO, Fig. 21. This mode of applying the lens is, how- 
ever, inferior to the first method, as there is little room for 
adjusting it to different distances ; whereas with the long 
tube all objects at a greater distance than four inches from 
the lens may be introduced into the picture — a property 
which possesses very peculiar advantages. 

The extension of the instrument to distant objects is not 
the only advantage which is derived from the use of the 
lens. As the position for giving perfect symmetry is rather 
within the extremities of the reflectors than without them ; 
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and as it is impossible to place movable objects within the 
reflectors, we are compelled to admit a small error, arising 
principally from the thickness of the objects, and from the 
thickness of the plate of glass which is necessarily inter- 
posed between the objects and the reflectors. The com- 
pound Kaleidoscope, however, is entirely free from this 
defect. The image of a distant, or even of a near object, 
can be formed within the reflectors, and in the mathema- 
tical position of symmetry ; while, at the same time, the 
substitution of the image for the object itself, enables us to 
produce all the changes in the picture which the motion of 
the object could have effected, merely by turning the in- 
strument round its axis, or by moving it horizontally, or in 
any other direction across the object. This instrument may 
be advantageously placed upon a stand like a telescope, and 
may either have a partial motion of rotation by means of a 
ball and socket, as shown in the figure, or what is better, 
a complete motion of rotation round the axis of the tube 
c D, within a brass ring, occupying the place of the ball 
and socket.^ 

1 An instrument called The Improved EaleidotcopehM been recently brought out 
in Paris. It is merely the Telescopic Kaleidoscope detericrated. It consists of alens 
Jljced at the distance of about two inches in front of the reflectors, and can therefore 
gite symmetrical pictures of objects only at one duianee, while it cannot be used as 
an ordinary Kaleidoscope. The instrument described in the preceding page, with 
a lens that can be slipped off, is a much better Kaleidoscope. 
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CHAPTER XL 

ON THE CONSTRUCTION AND USB OP POLY ANGULAR KALEIDO- 
800PBS, IN WHICH THE REFLECTORS CAN BE nXED AT 
ANY ANGLE. 

In all the preceding instruments, the reflecting planes 
are fixed at an invariable angle, which is some even aliquot 
part of 360"^ ; and therefore, though the fcmns or patterns 
which they create are literally infinite in number, yet they 
have all the same character, in so far as they are composed 
of as many pairs of direct and inverted images as half the 
number of times that the inclination of the reflectors is con- 
tained in 360^ 

It is therefore of the greatest importance, in the applica- 
tion of the Kaleidoscope to the arts, to have it constructed 
in such a manner, that patterns composed of any number 
of pairs of direct and inverted images may be created and 
drawn. With this view, the instrument may be fitted up 
in various ways, with paper, cloth, and metallic joints, by 
means of which the angle can be varied at pleasure ; but 
the most convenient methods are shown in the Figures 
from Fig. 29 to 35, inclusive, which represent two different 
kinds of Polyangular Kaleidoscopes, as made by the late 
Mr. R B. Bate, Optician, London, who had devoted much 
time and attention to the perfection of this species of 
Eodeidoscope. 
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Bote's Polyangvlar Kaleidoscope with Metallic Refiectors. 

The three Figures, viz., 29, 30, and 31, represent the 
Polyangular Kaleidoscope with metallic reflectors, as made 



Fig. 29. 




by Mr. Bate. Fig. 29 shows the complete instrument, 
when mounted upon a stand ; Fig. 30 is a section of it in 
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the direction of its length; Fig. 31 is a transverse sec- 
tion of it through the line s t, Fig. 30, and Fig. 32 
shows the lens of the eye-hole e. The tube of this 
instrument is composed of two cones, m m, n n, Fig. 30, 
connected together by a middle piece or ring, k k, into 
which they are both screwed. These two cones enclose two 
highly-polished metallic reflectors, ao, bo, Fig. 31, only 
one of them, viz., b o e, being seen in Fig. 30. One of 




these reflectors, b o e, is fixed to the ring b b, by the inter- 
mediate piece K G L. The reflector is screwed to this piece 
by the adjustable screws k, l ; and the piece k g l is again 
fixed to the ring b b, by two screws seen above and below 
G, in Fig. 31. Hence the tube, consisting of the cones 
M M, N N, and the ring b b, are immovably connected with 
the mirror b o k The surface of the reflector b o e is 
adjusted by the screws at k and l, till it passes accurately 
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through the axis of the cones and ring as seen in Fig. 31. 
The other reflector a o, is fixed to an outer ring r r, by 

Ffo 81. 




Fio. 38. 




means of an intermediate piece, similar to k G L, the arm f 
of which, corresponding to g, passes through an annular 
space or open arch, of more than 90°, cut out of the cir- 
cumference of the inner ring r r. The arm f is fixed to 
the outer ring r r by two screws, seen above and below F ; 
and the reflector ao is fixed to the bar corresponding 
to K L, Fig. 30, by similar screws, for the purpose of 
adjusting it. 

The lower edge o e of the reflector bob extends about 
the 15th of an inch below the axis of the cones, as repre* 
sented by the dotted line in Fig. 30 ; but the lower edge 
o E of the other reflector ace, which is finely ground to an 
acute angle, forming a perfectly straight and smooth line, 
is placed exactly in the axis of the cones, so as just to touch 
a line in the reflector ace, which coincides with the axis 
of the cone, and to form a junction with that line in every 
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part of the two meeting planes. The very nice adjust- 
ments which are necessary to produce so exact a motion are 
effected by the screws corresponding to k and l. 

If we now fix the outer ring r r into the ring of a stand 
s T, so as to be held fast, and turn the cones with the hand, 
we shall give motion to the reflector b o, so as to place it 
at any angle we please, from 0® to 90" ; and during its 
motion through this arch, the junction of the two reflectors 
must remain perfect, if the touching lines are a^usted, as 
we have described them, to the axis of motion, which must 
also be the axis of the cones and rings. If, on the con- 
trary, we take away the stand, and, holding the instrument 
in the hand by either of the cones m, n, turn the ring e r 
with the other, we shall give motion to its reflector a o, 
and produce a variation in the angle in the same manner 
as before. The same effect may be produced by an end- 
less screw working in teeth, cut upon the circumference of 
the outer ring r r. 

In order to enable the observer to set the reflectors at 
once to any even aliquot part of a circle, or so as to give 
any number of pairs of direct and inverted images, the 
most convenient of the even aliquot parts of the circle are 
engraven upon the ring rr ; so that we have only to set 
the index to any of these parts, to the number 12, for ex- 
ample, and the reflectors will then be placed at an angle of 
30° (12 X 30 = 360°), and will form a circular field with 
twelve luminous sectors, or a star with six points, and con- 
sequently a pattern composed of »ix pairs of direct and 
inverted images. 

As the length of the plates is only about five inches, it 
is necessary, excepting for persons very short-sighted, to 
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have a convex lens placed in front of the eye-hole e, as 
shown in Figs. 30 and 32. A brass ring containing a plane 
glass screws into the outer ring c d, when the instrument 
is not in use ; and there is an object-box containing frag- 
ments of diflferently coloured glass. This object-box consists 
of two plates of glass, one ground and the other transparent, 
set in brass rims. The transparent one goes nearest the 
reflector, and the brass rim which contains it screws into the 
other, so as to enclose between them the coloured fragments, 
and regular figures of coloured and twisted glass. A loose 
ring surrounds this object-box ; and when this ring is 
screwed into the circular rim c d, the object-box can be 
turned round so as to produce a variety of patterns, without 
any risk of its being detached from the outer cone. 

In applying this instrument to opaque objects, such as 
engravings, coins, gems, or fragments of coloured glass laid 
upon a mirror, the aperture of the mirrors is laid directly 
over them, the large cone m m having been previously un- 
screwed, for the purpose of allowing the light to fall freely 
upon the objects. This property of the Kaleidoscope is 
of great importance, as in every other form of the instru- 
ment opaque objects must be held obliquely, and therefore 
at such a distance from the reflectors as must aflect the 
symmetry of the pattern. 

As the perfection of the figures depends on the reflectors 
being kept completely free of dust, particularly at their junc- 
tion, where it naturally accumulates, the greatest facility is 
given by the preceding constmction in keeping them clean. 
For this purpose, the large cone must be unscrewed ; the re- 
flectors having been previously closed, by turning the index to 
60 on the ring. They are next to be opened to the utmost, 
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and the dust may in general be lemoyed by means of a fine 
point wrapped in clean and diy wash-leather. If any dust, 
however, still adheres, the small screw in the side of the 
ring opposite to the index should be removed, and the 
smaller cone, n n, also unscrewed By easing the support- 
ing screws of either of the reflectors, their touching sides 
will separate, so as to allow a piece of diy wash-leather to 
be drawn between them. When every particle of dust 
has been thus removed, the metals should be re-a4justed 
and closed before the cones are replaced ; both of which 
should be screwed firmly into the ring k b. 

As the axis of motion in the preceding construction is 
necessarily the axis of the cones and rings, the diameter of 
these cones and rings must everywhere be double the breadth 
of the reflectors. From this cause, the tube, and conse- 
quently the object-box, are wide, and the instrument is, to 
a certain degree, not very portable. This defect is com- 
pletely avoided in another Polyangular Kaleidoscope con- 
structed by Mr. Bate, upon entirely different principles, 
which we shall now proceed to describe. 

Bate's Polyangular Kaleidoscope tvUh Glass ReflecUyi^. 

A section of the whole of this instrument, in the direc- 
tion of its length, is shown in Fig. 33. A section through 
M N or o p, near the eye-end, is shown in Fig. 35, Fig. 34 
representing the mode of supporting the fixed reflector, 
and Fig. 36 the mode of supporting the movable reflector. 
The tube of the Kaleidoscope, in Fig. 33, is represented by 
hcd efg h, and consists of two parts, hcghy and c d efg. 
The first of these parts unscrews firom the second, and the 



Digitized by 



Google 



CHAP. XI. OF POLYANGULAR KALEIDOSCOPES. 



95 




a g 



second contains all the apparatus for holding and moving 
the reflectors. At the parts m n o p, of the tube, are inserted 

Fig. 84. 




a short tube, a section of which is shown in Fig. 34. The 
object of these tubes is to support the fixed mirror a o, 
which rests with its lower end o upon the piece of brass t, 

Fio. 85. 




It is kept from falling forwards by the tongue r, connected 
with the upper part ««, and from felling backward by the 
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piece of cork q, which may be removed at any time, for the 
purpose of taking out and cleaning the reflectors. This 
little tube is fixed to the outer tube by the screws «, «. 
The contrivance for supporting and moving the second 
reflector b o, is shown in Fig. 36, in section ; and a longi- 
tudinal view of it is given in Fig. 33. The mirror b o lies in 
an opening, cut into two pieces of brass, vBp, one of which 
is placed at m N, and the other at o p. These two pieces 
of brass are connected by a rod w w, Fig. 33 ; and in the 
middle of this rod there is inserted a screw h, which passes 
through the main tube cdefg, into a broad milled ring 

Fio. 36. 




w w, which revolves upon the tube. As the screw ky there- 
fore, fastens the ring ti' ii^ to the rod m w, the reflector b o will 
be supported in the tube by the ring w w. The lower part 
of the mirror B o, or rather of the brass piece t; b p, rests 
at y, upon the piece of watch-spring xyz^ fastened to the 
main tube at z. This spring presses the face of the reflec- 
tor b o against the ground and straight edge of the other 
reflector a o, so as always to effect a perfect junction in 
every part of their length : — ^The apparatus for both reflec- 
tors is shown in Fig. 35. An arch of about 45** is cut out 
of the main tube, so as to permit the screw k to move along 
it ; and hence, by turning the broad ring w w, the reflector 
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B o may be brought nearly to touch the reflector a o, and 
to be separated from it by an arch of 45°, so as to form 
every possible angle from nearly 0° to 45°, which is a 
suflScient range for the Kaleidoscope. The main tube ter- 
minates in a small tube at e, upon which may be screwed, 
when it is required, a brass cap e/, containing a convex 
lens. A short tube, or cell, a a a a^ for containing the 
object-boxes, slips upon the end of the tube, and should 
always be moved round from right to left, in order that the 
motion may not imscrew the portion of the tube hcgh^ 
upon which it moves. When the instrument is used for 
opaque objects, the end piece, h c gh of the tube, screws 
off, so as to admit the light freely upon the objects. 

The advantages which the Polyangular Kaleidoscopes 
possess over all others are — 

1st, That patterns of any number of sectors, from the 
simplest to the most complicated, can be easily 
obtained. 
2d, That the reflectors can be set, with the most perfect 

accuracy, to an even aliquot part of a circle. 
3d, That the reflectors can be at any tune completely 
cleaned and freed from all the dust that accumulates 
between them, and the instrument rendered as perfect 
as when it came from the hands of the maker. 
In order to apply this Kaleidoscope to distant objects, or 
make it telescopic,^ a piece of tube with a lens at the end 
of it is put upon the end piece, hcghy and may be suited 
to differen;^ distances within a certain range. 

1 See Ohapter X 
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CHAPTER XII. 

ON THE CONSTRUCTION AND USE OF ANNULAR AND 
PARALLEL KALEIDOSCOPES. 

In the instruments already described, the pictures which 
they create, though they may be made of various outlines, 
have all a centre to which the reflected images are sym- 
metrically related. The same instruments give an annular 
pattern, or a pattern returning into itself, and included 
between two concentric circles, by keeping the objects from 
the central part of the aperture ; but as such a pattern 
can never have its greatest radius more than the breadth 
of the mirror, and as annular patterns of a very great 
radius, where the eye can see only a portion of them at a 

Fio. 87. 




time, are often required, it becomes of importance to adapt 
the Kaleidoscope for this species of ornament. 

Let A c B D, Fig. 37, be two plane mirrors, and let their 
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inclination be measured by the angle a o b ; then, if the 
eye is placed between c and d, it will observe the reflected 
images of the objects which are placed before the aperture 
A c B D, arranged, in the annular segment m a b n, round 
o, as a centre. The effect is exactly the same as if the re- 
flectors had been continued to o, with this difference only, 
that the annular segment can never be complete. This 
defect in the segment arises from two causes : When the 
centre o is near c d, the defect is occasioned by the want 
of a reflecting surface to complete the ring, and not from 
any want of light in the reflected images ; but when the 
centre o is remote from c d, the defect arises from the want 
of light in the last reflexions, as well as from the want of 
a reflecting surface. 

The theory of the Annular Kaleidoscope is exactly the 
same as that of the common instrument ; and therefore all 
the contrivances for producing symmetrical pictures, from 
near and distant objects, are applicable to this instrument. 
As the picture, however, never can return into itself, it is 
of no importance that the angle a o b be the aliquot part 
of a circle, the picture being equally complete at all angles. 
In order to have the most perfect symmetry with this 
Kaleidoscope, the eye should be placed at £, between the 
nearest ends of the reflectors, as it will there be nearer the 
plane of both reflectors than in any other position. If the 
two mirrors are brought nearer each other, so that their sur- 
feces always pass through the point o, the deviation from 
perfect symmetry will diminish as the eye becomes more 
and more in the plane of both ; and for the same reason 
the light of the field will be more brilliant. 

When the point o is infinitely distant, the two reflectors 
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become parallel to each other, as in Fig. 38, and the series 
of reflected images extends in a straight line, forming beau- 

Fio. 38. 



C D 

tiful rectilineal patterns for borders, &c. In this position 
of the reflectors the eye should be placed in the centre at 
E, and the symmetry of the picture and the light of the field 
will increase as the distance of the reflectors diminishes, or 
as their length is increased. 

Two different kinds of instruments have been constructed 
on the preceding principles, the one by Mr. DoUond, and 
the other by Mr. John Ruthven, both of which possess 
very valuable properties. 

Mr. DoUond's Univeraal Kaleidoscope, 
The instrument constructed by Mr. DoUond is repre- 
sented in Figs. 39, 40, and 41, in section, and is intended 
to unite the properties of a common Kaleidoscope, in which 
the reflectors are inclined at an angle of 30°, and also those 
of an Annular and a Parallel Kaleidoscope. Fig. 39 re- 
presents the reflectors, eta, when they act as a common 
Kaleidoscope ; and Fig. 40 shows them when they form a 
parallel Kaleidoscope, an annular Kaleidoscope being formed 
when they have an intermediate position. The tube of the 
instrument is shown, in section, by t t ; and to this tube 
is fixed, by the screws « «, a frame of metal, a 6, to which 
the reflectors are fastened. The reflectors, which are made 
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of the finest speculum metal, are shown at a o, b o, and 
are attached to plates of brass, cd, cdy whose breadth ex- 
ceeds that of the reflectors so as to allow their extremities 

Fig. 39. 




to descend below the point o, Fig. 39. A double spring, 
y xxyy is placed in the tube, so as to press upon the back 
of the reflectors, and keep them in contact, as shown in 
Fig. 39, and is suflBciently elastic as to allow them to open, 
aa in Fig. 40. The milled head m n, which passes through 

Fia. 40. 




the lower part of the tube, carries, at its lower end, a very 
eccentric button or wheel, the least diameter of which is 
seen at m, Fig. 39, and the greatest at m. Fig. 40. In 
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the first position it has allowed the reflectors to come into 
contact at o. In the other position it has forced them 
open into the position of parallelism. By turning the 
milled head, the lower ends (o o) of the reflectors may be 
brought to any distance less than o o, so as to form an 
annular Kaleidoscope. The eye-end of the instrument is 
shown in Fig. 41. The lensE is placed in a slider, cd, 

Fio.41. 




which is to be moved according to the position of the re- 
flectors, being a little above o, in Fig. 39, opposite the 
centre of the tube in Fig. 40, and at an intermediate posi- 
tion in the intermediate position of the reflectors. 

This instrument is attached to a stand with a draw-tube, 
which screws into the bottom of a mahogany box. The 
object-plates, and the lens for introducing distant objects, 
are placed at the end of the instrument, in the same manner 
as those of the usual construction. . Particular kinds of 
objects are selected for giving rectilineal borders. 

RxtthverCs Universal Kaleidoscope, 

The instrument constructed by Mr. Ruthven is also a 
Universal Kaleidoscope, which unites the properties of a 
Polyangular one with those of Annular and Parallel Kaleido- 
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scopes. Its construction will be understood from Figs. 42, 
43, and 44, where a b e f o h represents a frame of iron 
or brass, which slips into the tube. The two sides a b, 



Fig. 42. 




F H, of this frame, are kept together by four cross pieces, 
a hy cdy etc., the other two corresponding to these being 
invisible in the figure. The two reflectors, the ends of 
which are seen at a' o, b' o, are each fixed to a plate of 
metal /?jp, a section of which is seen in Fig. 44. Each 
plate of metal has four cylindrical pins, p, p, etc., both on 
its upper and imder edge. The two pins nearest the ends 

Fig. 43. 




p a 

of the reflectors pass through openings in the cross pieces 
a by cd. On the top of the frame is placed a plate of 
brass M N Q P, in which are cut grooves ef, gh^kl, mn; 
<5/and hly and also gh and mn, being parallel to each 
other. This plate can be moved forwards and backwards 
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between the croes pieces ab, cd, by means of a small screw 
8 s, working in a female screw fixed upon the edge n o of 
the plate, and as the middle pins ^ ^, attached to the plates 

Fig. 44. 



which cany the reflectors, pass through the grooves, any 
change in the position of the plate m q, produces a change 
in the distance, p p, of the pins, and consequently in the 
distance of the upper edges of the reflectors. By turning 
the screw s s, therefore, the upper edges of the reflectors 
may be either brought into contact, or separated to a dis- 
tance regulated by the inclination of the grooves ef gh. 
A similar plate with a similar screw is placed upon the 
lower edges of the reflectors, so that we are furnished with 
the means of giving the plates any inclination to each other, 
or placing them at any distance within certain limits. For 
example, if the lower edges of the plates are in contact, we 
can vary the angle of their inclination by separating or clos- 
ing their upper edges by means of the upper screw. By 
separating the lower edges, we give them the position for 
annular patterns, and by making the distance of the Iowct 
and upper edges the same, we obtain from them rectilineal 
patterns ; and the figures of these annular and rectilineal 
patterns may be either contracted or expanded, by altering 
the distance of the plates when in this parallel position. 
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CHAPTER XIII. 

ON THE CONSTEUCTION AND USE OF POLYCENTRAL 
EA.LEIDOSGOPES. 

Hitherto we have considered the effects of combining 
two reflectors, by means of which the reflected images are 
arranged around one centre, either visible or invisible ; but 
it must be obvious, from the principles abpeady explained, 
that very singular effects will be obtained from the combi- 
nation of three or more reflectors. As in instruments of 
this kind the reflected images are arranged round several 
centres, we have distinguished them by the name of Poly- 
central, 

As 9 O** is the greatest angle which is an even aliquot 
part of 360°, and as all regular polygons, with a greater 
number of sides than four, must have their interior angles 
greater than 90°, it follows, that symmetrical pictures 
cannot be created by any number of reflectors greater 
than four, arranged like the sides of a regular polygon. 
If the polygon is irregular, and consists of four sides, or 
more, then one of its angles must exceed 90°, and conse- 
quently it cannot give symmetrical patterns. In constructing 
Polycentral Kaleidoscopes, we are limited to combinations 
of four or three reflectors. 

The only modes in which we can combine four reflectors. 
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are 80 as to fonn a hollow square, or a hollow rectangle ; 
but though these combinations afford regular patterns, from 
their angles being even aliquot parts of 360°, yet these 
figures are composed merely of a great number of squares, 
or rectangles, the point where every four squares or rect- 
angles meet being the centre of a pattern. Those, however, 
who may wish to construct such instruments, must make 
the plates as narrow as possible at the eye end, so as to 
bring the eye, as much as can be done, into the plane of all 
the four reflectors. 

In combining three reflectors, the limitation is nearly as 
great ; but the effect of the combination is highly pleasing. 
Since the angles at which the reflectors must be placed are 
even aliquot parts of 360°, such as 90°, 60°, 45°, 36°, 
25]^'' 22^"", 20°, 18°, etc., which are the quotients of 
360°, divided by the even numbers, 4, 6, 8, 10, 12, 14, 
16, 18, 20, etc. ; and since the reflectors are combined in 
the form of a prism, the section of which is eveiywhere 
a triangle, the sum of whose angles is 1 80°, we must select 
any three of the above even aliquot parts which amount to 
1 80° ; and when the reflectors are combined at these angles, 
they will afford forms perfectly symmetrical Now, it is 
obvious, that these conditions will be complied with when 
the angles are — 



90° + 45° + 45° = 180° 
90° + 60° + 30° = 180° 
60° + 60° + 60° = 180° 



The Polycentral Kaleidoscopes are therefore limited to 
Jive different combinations, namely, — 

1. Four reflectors of equal breadth, forming a square. 
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2. Four reflectors, two of which are broader than the other 

two, and form a rectangle. 

3. Three reflectors at angles of QO**, 45'', and 45°. 

4. Three reflectors at angles of 90**, 60% and 30°. 

5. Three reflectors at angles of 60°, 60°, and 60°. 

1. On combinations of four mirrors foi^ming a square. 

The first of these Kaleidoscopes is represented in Fig. 45, 
where a b, b c, c d, d a, are the four equal and similar 
reflectors placed accurately at right angles to each other. 
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If we consider the effect only of the two reflectors a b, B c, 
and regard A d, D c as only the limits of the aperture, it is 
obvious, from the principles explained in Chap. II., that we 
shall have a regular figure j) m k h d, composed of four 
squares, one of which d b is seen by direct vision ; other 
two A ly c i formed by one reflexion from each mirror ; 
and the fourth b k composed of two half squares, each half 
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being fonned by a second reflexion from each mirror. In 
like manner, if we suppose a d, d c to act alone, they 
will form a square pattern b b df, composed like the last ; 
and the same result will be obtained by supposing 
B A, A D, and BO, c D to act alone. The combination 
of these effects will produce a square a d g h^ composed 
of nine squares, four of which, formed by second reflexions, 
are placed at the angles ; other four formed by first reflec- 
tions in the middle ; and one, seen by direct vision, in the 
centre. Hence, it follows, that the light of the different 
squares is symmetrical as well as the patterns, a property 
which does not belong to all polycentral instruments. The 
pattern, however, does not terminate with the square adgh, 
but extends indefinitely on all sides till the squares become 
invisible, from the extinction of the light by repeated reflec- 
tions. In order to discover the law according to which 
the squares succeed each other, we shall examine in what 
manner a still larger square e f g h is completed round the 
central square, seen by direct vision. By considering every 
square in the large square a dgk as slil object placed before 
the four reflectors, and recollecting that the reflected images 
must be similarly situated behind the reflectors, we shall find 
that the larger square e f g h is completed by images that 
have suffered two, three, and four reflexions, as marked in the 
figure, and that all these are symmetrically arranged with 
regard to the central square. The squares which are crossed 
with a dotted diagonal line, are those composed of two 
halves, each half being formed by a different reflector. 
When a Kaleidoscope is formed out of the preceding com- 
bination, the aperture, or the breadth of the plates next the 
eye, should not exceed one-sixth of an inch. The effect is 
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very pleasing when the reflectors are accurately joined and 
nicely acyusted, and when distant objects are introduced by 
means of a lens. 

2. On camMnations of four mirrors forming a rectangle. 

When the reflectors are of different breadths, so as to 
form a rectangle, the very same effects are produced as in 
the preceding combination, with this difference only, that 
the images are all rectangular, in place of being square. 

3. On coTnbinations of three reflectors at angles of 60°, 
When three reflectors are combined at angles of 60'', as 
shown at A o B, Fig. 46, they form an equilateral triangle. 



Fie. 46. 
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and therefore all the images will also be equilateral triangles. 
The figure o d b p g h, which is a truncated equilateral 
triangle, is obviously composed of three hexagonal patterns, 
of which the sectors, or rather triangles, are arranged round 
the three centres a, o, b ; the triangle a o b being common 
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to all the three. The three triangles, adjacent to the sides 
of A o B, are formed by one reflexion from each mirror. 
The three which spring from the vertices a, o, b, of the 
triangle, consist of two halves, each of which is formed by 
three reflexions, the last reflexion of the one half being 
made from one of the nearest mirrors, and that of the other 
half from the other nearest mirror. If we consider the for- 
mation of a more extended figure, i l m p n k, which is also 
a truncated equilateral triangle, with its truncations corre- 
sponding to the sides of the former figure, we shall find that 
it has been completed by an addition, to each side of the 
former, of three equilateral triangles, two of which are 
formed by three reflexions, and the third, consisting of two 
halves, formed by four reflexions. This figure consists of 
three entirely separate hexagons, icaohk, ldabem, 
and B o G N p p, all of which are formed of reflected images ; 
— of one triangle a o b seen by direct vision, — and of 
three triangles acd, bef, ogh, consisting of half sectors. 
In constructing this Kaleidoscope, which, like the two 
former^ has the equally luminous images symmetrically 
arranged round the aperture a o b, it is unnecessary to 
shape all the reflectors with accuracy. When two of them, 
both of which have a greater breadth than is wanted, are 
placed together, with the edge of the one resting upon the 
face of the other, the third reflector, which must be ground 
with great accuracy to the desired shape of the tapering 
equilateral prism, may then be placed so that each of its 
edges rests upon the faces of the other two. When this 
instrument is nicely executed with metallic plates, and 
when all the junctions are perfect, the effects which it pro- 
duces are uncommonly splendid. 
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4. On coTnbinations of three reflectors at angles of 
90°, 45°, and 45°. 

The effect produced by the combination of three reflectors 
at angles of 90°, 45°, and 45°, is shown in Fig. 47. The two 
reflectors a o, a B produce a pattern c d b i, composed of 
eight triangles ; the reflectors b o, b a, likewise give a patt.em 
A F G H, composed of eight triangles ; and the reflectors 
A o, o b, give a pattern a b h i, composed of four triangles. 
The triangle i H K is an image formed by three reflexions, 
one half of it being a reflexion of half of a i a, from 

Fig. 47. 
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the mirror b o, and the other half a reflexion of half of 
b H 6, from the mirror a o ; and the triangle d e f consists 
of two half images, which are reflexions of the two half 
images in i o h. The remaining triangle D L f is a reflec- 
tion of I K H, from the mirror a b, and is therefore formed 
by four reflexions. 

As the three mirrors are not symmetrically placed, with 
regard to each other, the equally luminous images are not 
arranged symmetrically round the open triangle a o b, as 
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in the pMreceding combinations. The effect is, however, 
veiy pleasing, and all the reflected images included in the 
figure c L K are sufficiently bright. 

5. On combinations of three reflectors at angles of 
90^ 60^ and 30^ 



The most complicated combinations of three reflectors is 
represented in Fig. 48. In the first combination, all the 
an^es were equal ; in the second, two of the angles only 
were equal ; but in the present combination, none of them 



Fig. 48 
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are equal The field of view, represented in the figure by 
BEHLMP, isa truncated rhomb, consisting of no fewer 
than ihirty-oifie images of the aperture a o b. The figure is 
composed of two hexagons defbbc, bbklmn, every 
division of the hexagon consisting of two reflected images, 
and of two rhombs c b n p, f b k h, each of which is com- 
posed of four reflected images. 

In this combination, as in the last, the equally luminous 
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sectors are not symmetrically arranged round the centre o of 
the figure. In the rhomb c r n p, for example, the four 
images are formed by three, four, and five reflexions ; 
whereas in the corresponding rhomb phkb, they are 
formed by two, three, and four reflexions. The effects pro- 
duced by a Kaleidoscope constructed in this manner are 
very beautiftd, particularly when the reflectors are metallic 
In the four figures which represent the different combina- 
tions of the reflectors, the small figures indicate the number 
of reflexions by which each image is produced. 
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CHAPTER XIV. 

ON KALEmOSCOPES IN WHICH THE EFFECT IS PEODUCED BY 
TOTAL BEFLEXION FROM THE INTERIOR SURFACES OF 
TRANSPARENT SOLIDS. 

When light is incident upon the most perfectly polished 
metals, a very considerable quantity of it is absorbed, and 
even when the reflexion is made at the greatest obliquities, 
there is a very manifest difference in the intensity of the 
direct and the reflected pencil In the total reflexion of 
light from the second surfaces of transparent bodies, the 
loss of light is very inconsiderable, and the reflexion is made 
with a degree of brilliancy far surpassing that of the most 
resplendent metals. 

In constructing a Kaleidoscope upon this principle, we 
must procure a piece of glass entirely free from veins, and 

Fio. 49. 






cut it into the form shown in Fig. 49.^ The two surfaces 
BOB, A o e, must be inclined at an angle which is the even 

1 When this chftpter was written (1818), it was very diflBcult to procure glass 
safficiently homogeneons for this purpose : but it can now be procured from the 
Glass Works of Messzs. Ohftnce ft Co , at Smethwick, near Birmingham. 
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aliquot part of a circle. They must be ground perfectly 
flat and highly polished, and the junction o e must be made 
as fine as possible. The upper surface abe should be 
rough-ground, and the side a b o, and the side at e, should 
be parallel and well polished. If the glass is colourless 
and good, the eye, when placed at e, will see the very same 
appearance as in the simple Kaleidoscope ; and objects 
placed at A B o will be arranged into the same beautiful 
figures. The only defects attending this form of the Kal- 
eidoscope, are the loss of light occasioned by its passing 
through a mass of solid glass, not perfectly transparent, and 
the difficulty of obtaining a perfect junction of the two re- 
flecting planes. The first of these evils is, however, coun- 
terbalanced by the great intensity of the light which suffers 
total reflexion ; and the second does not exist when the 
Kaleidoscope is intended to give rectilineal or annular 
patterns. 

In the construction of instruments of this kind, it is 
necessary to make the prism of glass longer than the 
distance at which the eye can see objects with perfect 
distinctness ; that is, if the eye is capable of seeing objects 
distinctly at the distance of five inches, it wiU not perceive 
the same objects distinctly when they are placed at the end 
of a prism of glass five inches long. This singular effect 
arises from a property of plain lenses or pieces of plain 
glass, in consequence of which, they cause divergent rays to 
diverge from a point nearer the lens or plate, than that 
from which they radiated. It will therefore be more con- 
venient, for many reasons, to make the glass prism only 
two or three inches long, and obtain distinct vision by 
means of a lens placed at the eye-end of it ; but, for the 
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reason already mentioned, the focal length of the lens must 
be less than the length of the glass prism. The lens may 
even be joined to the prism, by grinding the eye-end into a 
spherical form, but the degree of convexity must be calcu- 
lated upon the principles already stated. 

The solid form of the Kaleidoscope is peculiarly fitted 
for polycentral instruments, as we have only to polish the 
side, which would otherwise have been left rough, the 
prism being supposed to be cut to the angles which are 
necessary to give symmetrical forms, according to the 
principles stated in Chapter XIII. 
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CHAPTER XV. 

ON THE APPLICATION OP THE KALEIDOSCOPE TO THE MAGIC 
LANTERN, SOLAR MICROSCOPE, AND CAMERA OBSCURA. 

In the various forms of the Kaleidoscope which have 
been described in the preceding chapters, the pictures which 
it creates are visible only to one person at a time ; but it 
is by no means difficult to fit it up in such a manner as to 
exhibit them upon a wall to any number of spectators. 
The necessary limitation of the aperture at the eye end of the 
instrument, however, is hostile to this species of exhibition, 
as it requires a very intense light for the purpose of illumi- 
nating the objects. The general principle of the apparatus 
requisite for this purpose is shown in Fig. 50, where c d g f 

Fio. 50. 




is the tube containing the reflectors a o e, etc. The objects 
from which the pictures are to be created are placed in the 
cell c D, which may be made either to have a rotatory 
movement round the axis of the tube, or to slide through a 
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groove, like the sliders of a magic lanteni. These objects 
are powerfully illuminated by a lens b, which concentrates 
upon them the direct light of the lamp or candle h, and 
also the part of the light which is reflected from the mirror 
M K. At the eye-end b of the Kaleidoscope, is placed a 
lens L L, close to the end of the reflectors, and having its 
centre coincident with the centre of the aperture at £. In 
order that this lens may form behind it an image p p of the 
objects placed in the object-plate o d, its focal length must 
be less than the length a b of the plates. If the focal 
length of L L is so small as one-half of a b, then it follows, 
from the principles of optics, that the distance lp at which 
the image is formed behind the lens, will be precisely 
equal to the distance a e of the object ; but this is obvi- 
ously too small a distance, for the diameter of p p would be 
equal only to the apparent diameter of the circular aperture 
of the Kaleidoscope, or to twice a o. Hence it is neces- 
sary, that the focal length of the lens l l be less than a e, 
and greater than half of a e. Two-thirds, or three-fourths 
of A E will be found to be a suitable focal length ; for if it 
is larger than this, the image will be formed upon the wall 
or screen at too great a distance from the instrument. 

When the instrument is thus fitted up, an enlarged 
image of the pattern will be thrown upon the wall, which 
must be covered with white pi^r, or some white ground, 
in order to exhibit the colours to advantage. By turning 
the object-plate round its centre, or, if it is a rectilineal one, 
by pushing it through the groove, and at the same time 
giving it a rotatory motion, the pattern on the wall will 
undergo every possible transformation, and exhibit to the 
spectators, in a magnified form, all those variations which 
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have been observed by applying the eye to the Kaleido- 
scope. 

When the preceding apparatus is used in daylight, so 
that the objects are illuminated by the rays of the sun, the 
mirror m n is unnecessary. The Kaleidoscope, etc., must, 
however, be attached to the part of the frame of a Solar 
Microscope, which goes into the aperture in the window- 
shutter. 

As the most brilliant light is obtained from the burning 
of oxygen, either by itself, or along with coal gas, as in the 
Bude light,^ a lamp of this kind is peculiarly fitted for dis- 
playing the pictures of the Elaleidoscope to a number of 
spectators. One of Mr. Bate's Polycentral Kaleidoscopes 
was, many years ago, fitted up with a lamp of this kind, for 
exhibition, at the lectures on natural philosophy, delivered 
at Guy's Hospital, by that eminent chemist, the late William 
Allen, Esq., F.RS. 

The patterns which are created by the Telescopic Kaleido- 
scope from natural objects, or from objects independent of 
the instrument, may, in like manner, be exhibited to several 
spectators at once. If the objects are in a room, such as 
bunches of flowers, statues, human figures, or large pictures, 
they must be placed in one apartment, and strongly illumi- 
nated. The lens must then be placed upon the end a o of 
the Kaleidoscope, the object-plate c d having been removed, 
and must be so adjusted that the images of the objects may 
fall exactly upon the end a o of the reflectors. The objects 
may be placed at any distance from the lens, from six inches 
to twelve feet, according to their magnitude, and the pio- 

1 This light was lint proposed by myself. See Edinburgh Review, April 1833, 
TOl. iTii. p. 192. 
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tures will be exhibited with great distinctneas and effect 
upon the wall of the other apartment. If a blazing fire is 
employed, the most brilliant display of fireworks may be 
exhibited. When the objects are out of doors, such as 
trees, shrubs, etc., the Kaleidoscope, with its two lenses, 
must be fixed in the circular opening of a window-shutter, 
and the picture received upon white paper, or any other 
suitable ground, as in the Camera Obscura. 

Similar effects may be produced in a portable Camera 
Obscura, by placing the apparatus c P l l g d in the move- 
able drawer of that instrument. If the lens l l is of such 
a focal length as to admit the formation of the image 
within the instrument, the picture will be finely displayed 
upon the ground-glass, and may be copied with considerable 
exactness. 

In the preceding applications of the Kaleidoscope, the 
great difficulty to be overcome arises from the smallness of 
the aperture which can be obtained at the eyo^nd of the 
reflectors. K we take a larger aperture, for the purpose of 
gaining more light, the light of the reflected images is 
diminished by this veiy circumstance, and the picture loses 
its symmetry at the centre. The only method by which 
we can remove this evil is to lengthen the reflectors, and 
consequently increase their breadth in the same proportion. 
Let us suppose, for example, that when the reflectors are 
five inches long, we can safely employ an aperture one- 
fourth of an inch in diameter ; then if the plates are made 
ten inches long, we may use an aperture tufo-fourths in 
diameter, the symmetry continuing as complete, and the 
light of the reflected images as intense, as when their 
length was only five inches. By increasing the length of 
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the reflectors, therefore, we increase also the quantity of 
light ; but, unfortunately, this increase of length is un- 
favourable to the other properties of the instrument ; for 
we must now use a lens l l of a great focal length, which 
will render it necessary to receive the image at a great 
distance from the instrument. 

In order to render the effect as brilliant as possible, 
the inclination of the reflectors should, in the present 
case, never exceed SO*', and might be even 36° or 45°. 
The objects should be selected as thin as possible, and 
none with dark tints ought to be admitted into the object- 
boxes. 
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CHAPTER XVL 

ON THE CONSTEUCnON OF KALEIDOSOOPES WHICH COMBINE 
THE C0L0UE8 AND FOEMS PEODUCED BY POLAEIZED LIGHT. 

In the preceding chapters we have supposed that the 
objects are illuminated by common light, and that the 
forms which compose the symmetrical figure are those of 
material bodies. If we employ polarized light we may 
introduce into the Kaleidoscopic figures, the splendid 
colours produced by crystallized bodies, and also the forms 
which these colours assume, round the optical axes of 
crystals, or through different thicknesses of the doubly- 
refracting substance. The part of the polarizing apparatus 
which polarizes the light, may be a large Nicol's prism, or 
a bundle of thin glass plates, or a single plate of black glass, 
fixed at the object-end of the Kaleidoscope. The analysing 
part of the apparatus may be a NicoFs prism, or plates of 
the sulphate of iodo-quinine, discovered by Dr. William 
Herapath, of Bristol Owing to the thickness of a Nicol's 
prism, it is not well fitted for the analyser, as it pre- 
vents the eye of the observer from getting sufficiently 
near the small eye-hole of the Kaleidoscope. The plates 
of the sulphate of the iodo-quinine, are therefore peculiarly 
adapted for analysers ; and when they can be obtained of 
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the same size as the angular aperture of the Kaleidoscope, 
with fixed reflectors, or of the whole circular aperture 
when the reflectors are movable, they will also form the 
best polarizers. 

The crystals which are to give the colours and forms 
produced by polarized light and its subsequent analysis, 
may be either uniaxal crystals, such as calcareous spar, or 
quartz, or beryl, or hiaxal crystals, such as selenite, topaz, 
mica, arragonite, nitre, etc.^ These crystals must be placed 
at the end of the reflectors, and when they transmit polar- 
ized light, their brilliant colours and forms will vary by 
turning the cell which contains them, or by giving a motion 
of rotation to the analyser. Thin films, or laminae of sele- 
nite of different thicknesses, and generally of such a thick- 
ness as gives the bright rings of the second order of colours 
in Newton's scale, may be placed m a narrow cell or object- 
box, and may have their outlines of various curvatures, so 
as to combine both form and colour in the Kaleidoscopic 
figura Different forms may also be obtained by using 
pieces of colourless glass of different shapes, or pieces of thin 
wire bent into a variety of curves. If the outlines of the 
pattern are to be obtained from pieces of glass or wire, the 
fihns of selenite might be cemented to one of the glass 
plates of the object-box, so as to have their axes lying in 
different directions. 

The coloured figures produced by glass quickly cooled, 
might also be advantageously employed, and, likewise, 
the remarkable forms of circular crystals and crystalline 
groups, when they are sufficiently large to be seen by the 
naked eye. 

1 See my Treatise on Optics, Edit. 1863, Ohaps. xxriiL xxix. 
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Very beautiful objects may be made by cementing a plate 
of Bulphate of lime {Belenite), 0*01818 of an inch thick, to 
a plate of glass, and cutting out, upon a turning-lathe, 
grooves or bands of such different depths, as to give different 
colours by polarized light Beautiful patterns may be thus 
executed in bands or lines of different colours ; but for the 
purposes of the Kaleidoscope, it will be sufl&cient to have 
curves or portions of curves of such different forms and 
curvatures, as will produce agreeable figures by their combi- 
nation. These curves and irr^ular forms of any kind, 
may be scratched or excavated in the plate of selenite by the 
point of a sharp knife, and afterwards polished, or even 
deepened, by the action of water, which has the property 
of slowly dissolving the selenite. 

In order to observe the effects produced by polarized 
light, it is not necessary to have the polarizing and ana- 
lysing apparatus attached to the Kaleidoscope. The 
polarizer, in the form of a plate of black glass, or a bundle 
of plates of common window-glass, may be laid on the 
table so as to reflect the light into the Kaleidoscope at an 
angle of 56°, and the analyser may be held in one hand, 
and the Kaleidoscope in the other. In this case, however, 
it would be better to have the Kaleidoscope fixed, in order 
that the observer may have the use of his left hand, to 
turn the object-box, which contains the doubly-refracting 
crystal. 

Without the use of polarized light, very fine forms, and 
these splendidly coloured, may be obtained by means of 
the coloured rings exhibited in the Iriscope.^ When two 
such systems of rings are formed by breathing through a 

> Treatiu on Optict, p 120. 
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tube upon black glaas, over which soap has been rubbed 
and subsequently wiped off, by a piece of chamois leather, 
they form a double system, similar to the biaxal system in 
mica and topaz, with curves of various shapes, which 
exhibit beautiful combinations in the Kaleidoscope. 
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CHAPTER XVII. 

ON THE CONSTRUCTION OF STEREOSCOPIC KALEIDOSCOPES. 

It we apply the Kaleidoscope to any statue or archi- 
tectural ornament, or any other solid oly'ect represented, 
photographically, on a transparent binocular slide, the 
%ures will be combined into a flat symmetrical pattern, as 
shown in a future chapter. But if, in the lenticular stereo- 
scope, we place a Kaleidoscope between each of the two 
semi-lenses and the statue, or other object in the binocular 
slide, we shall then see the statue or other object in fiill 
relief in the symmetrical figure. This, in a rude form, is 
the Stereoscopic Kaleidoscope. 

In order to construct the instrument independently of 
the stereoscope, we have only to combine two equal Kaleido- 
scopes, with their reflecting mirrors equally inclined to each 
other, and place at the eye-end of them two semi-lenses or 
quarter lenses, at the distance of two and a half inches, and 
having their focal lengths equal to the length of the stereo- 
scope. If the two right and left eye photographs, to which 
we apply them, are opaque, upon paper or silver plate, an 
opening must be left above the object-end of the reflectors, 
of sufficient size to allow light to be thrown upon the pho- 
tographs. When the figures are transparent, this aperture 
must be closed. 
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If the objects in the binocular slides represent either baa- 
reliefs or alto-relievos, or statues, or rases, or portions of any 
solid bodies, such as animals, plants, or flowers, which can 
be combined into symmetrical patterns, they will appear in 
their true relief in the Stereoscopic Kaleidoscope. In this 
way the artist may avaU himself of the instrument in 
designing circular Gothic windows, the circular decorations 
of ceilings, and rectilineal or curvilineal belts, that are to 
be cut out of metals, marble, freestone, or wood, or formed 
of plaster of Paris, or metals susceptible of fusion.^ 

If we combine two Telescopic Kaleidoscopes, in the 
manner already described, so that the centres of their 
object-lenses are distant two and a half inches, and receive 
the right and leffc eye pictures of real objects upon disks of 
ground glass, with the ground side touching the ends of the 
reflectors, these objects, though themselves in true relief, 
will be reduced to plane pictures on the ground glass, and 
again brought into stereoscopic relief, and combined, into 
symmetrical patterns by the instrument. The effect thus 
produced is diflerent from what we should see were the 
ground glass removed, and the image of the object formed 
in the air at the end of the reflectors, for the same reason 
that the picture of an object in the stereoscope is diflerent 
flrom what it appears if viewed directly by the eyes. 

I See my Treaftfae on the Stereoeoope, Chap. zL p. 86. 
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CHAPTER XVIII. 

ON THE CONSTRUCTION OF MICROSCOPIC KALEIIX)SCOPES. 

The name of Microscopic Kaleidoscope may be given to 
.the instrument, under two forms, namely, when it is made 
to produce symmetrical patterns from microscopic objects, 
or when it is made so short that a lens of a high power is 
necessary at one end of the reflectors, to see distinctly, and 
magnify the objects at the other end. In both these forms 
I have often constructed them so small as one inch and one 
inch and a half in length. As the Kaleidoscope, in this 
minute state, has been applied both in this country and 
abroad, as a female ornament, we shall proceed to point out 
the best method of constructing it 

Since the aberration from symmetry increases, as the 
length of the reflectors is diminished, and since the light 
of the field diminishes from the same cause, it becomes 
extremely difficult to obtain correct figures, and uniformity 
of liglit in small instruments. In order to overcome these 
iliMmltics, as far as possible, the reflectors should be me- 
tallic, and may be either made of polished steel or polished 
speculum metal The inclination at which they are fixed 
shoui^l not be less than 36° or 45° ; and the eye-hole, 
wliiuh should not exceed 1-1 5th of an inch in diameter, 
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must be placed as near as possible to the angular point 
Since the aberration from sjnnmetry increases with the 
distance of the object from the reflectors, and is much aug- 
mented in smaU instruments, the greatest care must be 
taken to have the objects at the least possible distance from 
the reflectors. To accomplish this, the objects themselves 
should be as thin and slender as they can be made ; the 
colours should be brilliant and not gloomy ; and they 
should be separated from the reflectors by a thin film of 
the most transparent mica, which is superior to glass of 
equal thickness, even if it could be got, from its extreme 
toughness and elasticity. The mica, indeed, is easily 
scratched, but if this should take place to any extent, it 
can easily be replaced by a new film. It would even be 
of consequence to bend the mica into a slight concavity, so 
as to permit the objects to lie rather within than without 
the extremity of the reflectors. In order to see the pattern 
with perfect distinctness, a lens must be placed at the end 
of the instrument ; the focal length of this lens, however, 
must not be exactly equal to the distance of the objects 
from the eye, but as much greater as possible, so that the 
eye, by a little exertion, may be able to obtain distinct 
vision. The reason of this will be understood, by consider- 
ing that the images of the objects, seen by reflexions, are 
thrown to a greater distance, as it were, from the eye, and 
could not therefore be seen distinctly by using a lens ad- 
justed exactly to the nearest part of the picture. CJonse- 
quently, the focal length of the lens must be a mean between 
the distances of different parts of the picture, that is, a 
little greater than that which is suited to the sector seen 
by direct vision. 

I 
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When small Elaleidoscopes are made with four or with 
three mirrors, the preceding directions are equally appli- 
cable, the greatest care being taken that the reflectors taper 
nearly to a point at the eye-end, so as not to leave an 
aperture greater than 1-1 5th of an inch in diameter. 
When they are made of solid glass, the focal length of the 
lens must be determined from the principles contained in 
the last chapter. 

The preceding instruments may be fitted up with a draw- 
tube and lens, and when it is required to introduce draw- 
ings of pictures and statues, smaU microscopic photographs 
may be employed. 
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CHAPTER XIX. 

ON THE CHANGES PRODUCED BY THE KALEIDOSCOPE. 

The property of the Kaleidoscope, which has excited 
more wonder, and therefore more controversy than any 
other, is the number of combinations or changes which it 
is capable of producing from a small number of objects. 
Many persons, entirely ignorant of the nature of the instru- 
ment, have calculated the number of forms which may 
be created from a certain number of pieces of glass, upon 
the ordinary principles of combination. In this way it 
follows, that twenty-four pieces of ^ass may be combined 
1,391,724,288,887,252,999,425,128,493,402,200 times 
— ^an operation, the performance of which would require 
hundreds of thousands of millions of years, even upon the sup- 
position that twenty of them were performed every minute. 
This calculation, surprising as it appears, is quite false, not 
from being exaggerated, but from being far inferior to the 
reality. It proceeds upon the supposition that one piece of 
glass can exhibit only one figure, and that two pieces can 
exhibit only two figures, whereas it is obvious that the two 
pieces, though they can only be combined in two ways, in 
the same straight line, yet the one can be put above and 
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below the other, as well as upon its right side and its left 
side, and may be joined, so that the line connecting their 
centres may have an infinite number of positions with 
respect to a horizontal line. It follows, indeed, from the 
principles of the Kaleidoscope, that if only one object is 
used, and if that object is a maihematical line withofut 
breadth, the irutrument wiU form an infinite number of 
figures from this single line. The line may be placed at 
an infinite number of distances from the centre of the 
aperture, and equally inclined to the extremities of the 
reflectors. It may be inclined at an infinite variety of 
angles to the radii of the circular field, and it may be 
placed in an infinite variety of positions parallel to any 
radius. In aU these casee^ the Kaleidoscope will form a 
figure difiering in character and in magnitude. In the 
first case, aU the figures are polygons of the same char 
racter, but of different sizes. In the second case, they are 
stars, differing from each other in the magnitude of their 
salient and re-entering angles ; and in the third case, they 
form imperfect figures, in which the lines unite at one 
extremity and are open at the other. 

I^ instead of supposing a mathematical line to be the 
object, we take a single piece of coloured glass, with an 
irregular outline, we shall have no diflSculty in perceiving, 
from experiment, that an infinite variety of figures may be 
created from it alone. This system of endless changes 
is one of the most extraordinary properties of the E^aleido- 
scope. With a number of loose objects, it is impossible 
to reproduce any figure which we have admired. When 
it is once lost, centuries may elapse before the same 
combination returns. If the objects, however, are placed 
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in the cell, so as to have very little motion, the same 
figm-e, or one very near it, may, without difficulty, be 
recalled ; and if they are absolutely fixed, the same 
pattern will recur in every revolution of the object- 
plate. 
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CHAPTER XX. 

ON THE APPLICATION OF THE KALEIDOSCOPE TO THE 
FINE AND USEFUL ARTS. 

If we examine the various objects of art which have 
exercised the skill and ingenuity of man, we shall find that 
they derive all their beauty from the symmetry of their 
form, and that one work of art excels another in propor- 
tion as it exhibits a more perfect .development of this 
principle of beauty. Even the forms of animal, vegetable, 
and mineral bodies, derive their beauty from the same 
source. The human figure consists of two halves, one of 
which is the reflected image of the other ; and the same 
symmetry of form presents itself in the shapes of almost all 
the various tribes of animated beings. In the structure of 
vegetables, the principle of symmetry is less perfectly de- 
veloped. From the extreme delicacy and elasticity of its 
parts, a plant, regularly constructed, would have lost all 
its symmetry from the influence of gravitation, or from the 
slightest breath of wind ; and therefore a symmetrical com- 
bination of parts has been effected only in its leaves and 
flowers. When the laws of crystallization are allowed to 
perform their functions uncontrolled, the beautiftil geome- 
trical forms which they create are marked with the most 
perfect regularity. Even their physical properties are 
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symmetrically related to som« axis or fixed line ; and 
though all their functions are performed in utter silence 
Mid repose, yet their physiology, if we may apply that name 
to the actions of apparently dead matter, is not less won- 
derful than that which embraces the busy agencies of 
animal and vegetable bodies. 

The irregular forms which are the foundation of pictur- 
esque beauty constitute a single exception to the general 
law, and therefore the landscape painter is the only artist 
who is not professionally led to the study of that species of 
beauty which arises from the inversion and multiplication 
of simple forms. 

When we consider the immense variety of professions 
connected both with the fine and the useful arts, in which 
the creation of symmetrical ornaments forms a necessary 
part, we cannot fail to attach a high degree of utility to 
any instrument by which the operations of the artist may 
be facilitated and improved. We are disposed to imagine 
that no machine is really useful, unless it is directly em- 
ployed in providing for our more urgent wants. This, 
however, is a vulgar error. An engine which forms the 
head of a pin, has, in reality, as much importance as an 
engine for raising water, or for manufacturing cloth ; for 
in these cases the three machines have the same object, 
which is merely that of abridging manual labour. The 
water would still be raised, and the cloth and pins manu- 
factured, if the machines did not exist ; but the machinery 
insures us a more regular supply of these articles, and 
enables us to receive them at a cheaper rate. 

The operati(His of machinery have, however, a still higher 
character in comparison with those of individual exertion. 



Digitized by 



Google 



136 APPLICATION OP THE KALEIDOSCOPE CHAP. XX. 

when they enable us to obtain any article, either of neces- 
sity or of luxury, in a more perfect state. In this case, 
the machine effects what is beyond the reach of manui^ 
labour ; and instead of being the mere representative of 
animal force, it exhibits a concentration of talent and skill 
which could not have been obtained by uniting the separate 
exertions of living agents. 

When we consider, that in this busy island thousands of 
individuals are wholly occupied with the composition of 
symmetrical designs, and that there is scarcely any profession 
into which these designs do not enter as a necessary part, 
so as to employ a portion of the time of every artist, we 
shall not hesitate in admitting, that an instrument must 
have no small degree of utility which abridges the labour 
of so many individuals. If we reflect further on the 
nature of the designs which are thus composed, and on the 
methods which must be employed in their composition, the 
Kaleidoscope will assume the character of the highest class 
of machinery, which improves at the same time that it 
abridges the exertions of individuals. There are few 
machines, indeed, which rise higher above the operations of 
human skill. It will -create, in a single hour, what a 
thousand artists could not invent in the course of a year ; 
and while it works with such unexampled rapidity, it works 
also with a corresponding beauty and precision. 

The artist who forms a symmetrical design, is entirely 
ignorant of the effect till it is completed ; and if the design 
is to be embodied in coloured materials, or in stone, or any 
other solid substance, he has no means of predicting the 
final effect which it is to produce. Every result, in short, 
is a matter of uncertainty ; and when the work is completed, 
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it must remain as it is. The art of forming designs, tberer 
fore, is in a state of extreme imperfection ; and a more 
striking proof of this could not be obtained than from the 
servility with which we copy, at the present moment, the 
mouldings and ornaments of Greek and Gothic architecture, 
and the decorations which embellish the furniture, the 
dresses, and the utensils of the Romans. 

If the Kaleidoscope had been an instrument which merely 
enabled us to project upon a plane surface a variety of 
designs of the same character as those which the artist 
forms with his pencil, it would still have been an instru- 
ment of great utility. But it does much more than this. 
When properly constructed, and rightly applied, it exhibits 
the Jlnal effect of the design, when executed in the best 
manner ; and it does this, not only by embodying the very 
materials out of which the reality is to be produced ; but 
by exhibiting, instead of lights and shades, the very emi- 
nences and depressions which necessarily exist in every 
design the parts of which lie in various planes. 

In proceeding to point out the practical methods of 
obtaining these effects from the Kaleidoscope, we take it 
for granted that the artist has one or other of the correct 
instruments described in the preceding chapters, and that 
they are mounted upon a stand, and furnished with Dr. 
Wollaston's Camera Lucida, for enabling him to copy the 
designs which he wishes to perpetuate. 

1. Architectural Ornaments, 

Ahnost every public and private edifice, with the excep- 
tion of picturesque cottages, and buildings erected for the 
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purposes of defence, has a regular form, oomdsting of two 
halves, one of which is the inverted image of the other. 
The inferior parts of the building, such as the doors and 
windows, have the same regular character ; and hence it 
necessarily follows, that all the decorations, whether in the 
form of rectilineal borders, circular patterns, or groups of 
figures, should not only have the same symmetry, but should 
also be synmietrically related to the bisecting line which sepa- 
rates the building into two halves. If, for example, a recti- 
lineal border, surrounding a building like a belt, consists of a 
pattern, or of lines inclined in one direction, such a border is 
not symn^trically related to the vertical and horizontal lines 
of wHch the building consists. Hence itwillfollow, that sculp- 
tures, representing an action of any kind, or statues represent- 
ing living objects, when they are sufficiently large to be seen 
at the same time with the whole building, can never connect 
themselves with its regular outline. If these sculptures, or 
statuesyare inverted so as to form a Kaleidoscope pattern, like 
the beautiful sculpture in the door of the temple of Jun-wassa,^ 
they may then be employed without the risk of destroying 
the general symmetry of the edifice. These remarks are 
equally applicable to every object which derives its beauty 
from symmetry ; and it is curious to observe the numerous 
deviations from this principle, and the bad effects they 
produce on some of the finest vases and ornaments of the 
Romans. 2 If Mr. Oockerell's ingenious theory^ of the 
original composition of the statues of Niobe ^nd her 
children be correct, the mode of grouping the figures will 

1 See Edinburgh Encyclopadia, Art Civil Architecture, plate cIL 
3 See Hope's Costume qf the Ancients, vol. ii. plates 230, 264, 278, figs 1 and 
298. fig. 2. 
3 See Journal of the Royal Institution, vol. v. p. 99. 
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show how much the artist was disposed to sacrifice every 
other kind of effect, to obtain something like a ^mmetrical 
group within the pediment. The gradual increase in the 
height of the statues towards the middle of the tympanum, 
and their inclination on both sides towards the same point, 
form strong proofe of Mr. Cockereirs hypothesis, and afford 
a singular example, the only one with which we are ac- 
quainted, of an attempt to reconcile the apparently incon- 
gruous effect of a real picture and a symmetrical group. 
Had the statues been confined to one-half of the tympanum, 
while the other half was a reflected image of the first, we 
are persuaded, that though the effect, as a picture, would 
have been diminished, yet the effect, as a part of the 
temple, would have been greatly increased. A very remark- 
able example of this species of symmetry is shown in the 
fine painting of the Four Sibyls, by Raphael, which is now 
in the church of Santa Maria della Pace, at Rome. 

After the architect has fixed upon the nature and cha- 
racter of his ornaments, he must cut, upon the surface of 
a large stone, or place in relief upon it, the elements of a 
variety of patterns. These elements need not be exact 
representations of any object, or any portion of it, though, 
in some cases, an approximation to this may be desirable. 
When this stone is set in a vertical position, and so that 
the light may fall obliquely upon its surface, for the pur- 
pose of giving light and shade to the pattern, the Kaleido- 
scope should be placed exactly opposite the stone, and at. a 
distance from it corresponding to the magnitude of the 
pattern which is wanted. The tube containing the lens or 
lenses, being put on, or the inner tube being drawn out, if 
the instrument consists of two complete tubes, it must be 
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adjusted to the distance of the stone, or till an image of 
the stone is formed at the end of the reflectors. When this 
adjutrtment is perfect, the Kaleidoscope must be directed 
to the carved part of the stone, out of which it is proposed 
to form the pattern ; and by slight changes in its position, 
by turning it round its axis, and by varying the inclination 
of the reflectors, an immense variety of the most beautiful 
designs will be exhibited, in the finest relief, and as perfect 
as if they had been carved out of the stone by the most 
skilful workman. The architect has therefore only to select 
from the profusion of designs which are thus presented to 
him ; and when he has made his choice, he may either 
copy it photographically, or with his eye, or by means of the 
Camera Lucida ; or he may trace upon the stone the projec- 
tion of the angular aperture of the instrument^ in order that, 
in the execution of his work, he may have constantly before 
his ^es the real element out of which the picture is created. 
If, in the course of this selection, the picture should become 
capable of improvement, either by giving it depth in parti- 
cular parts, or by altering the outline, this alteration can be 
easily made, and its effect throughout the whole ornament 
will be instantly seen. 

If the architect is desirous to introduce into his ornament 
a natural object, such as a leaf, he may first try the effect 
which it will produce when applied in its natural state to 
the instrument, and he may then carve either the whole or 
the half of it in stone, and then examine what will be its 
final effect. If one half of the leaf is an inverted image of 
the other half, it is necessary only to carve one half of it, 
and place the reflectors at an angle contained as many times 
in a circle as twice the number of times that he wishes the 
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whole leaf to be multiplied : for example, if the whole leaf 
is to be multiplied six times, the angle of the mirrors must 
be 1-1 2th of 360% or 30°. The very same effect would be 
obtained by applying the whole leaf to the instrument 
when the inclination of the reflectors is 60°, or l-6th of 
360°. But when the whole leaf is not symmetrical in 
itself, or consists of two dissimilar halves, it must be applied 
in its entire state to the instrument 

In the formation of circular C^othic windows, the archi- 
tect will find the Kaleidoscope a most important auxiliary. 
By applying it to a mullion drawn upon paper, with a 
portion of the curves which he wishes to introduce, or by 
placing it upon various ornamental parts of the drawing of 
a Gothic cathedral, he will obtam combinations to which 
he has never observed the slightest approximation. 

In designing the decorations for ceilings, which are 
generally made of plaster of Paris, the same method should 
be followed as that which we have described for architectural 
ornaments. 

2. Ornamental Painting. 

In orpaments carved out of stone or marble, or formed 
from plaster of Paris, the idea of colour does not enter into 
the consideration of the architect. The forms, however, 
which are necessary in ornamental painting, are always 
associated with colour ; and therefore, in the invention and 
selection of these forms, the Kaleidoscope performs a double 
task. While it creates the outline, it at the same time fills 
it up with colour ; and by representing the effect of the 
two in a state of combination, it enables the artist to judge 
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of the harmony of his tints, as well as of the proportion of 
his forms. 

In the decoration of public halls and galleries, there is 
no species of ornament more appropriate than those which 
consist in the combination of single figures, or of groups of 
heads, which are either directly or metj^horically associated 
with the history or object of the institution. Regular 
historical paintings on the ceiling of a room are quite in- 
compatible with the symmetrical character of a public 
gallery. If they are well executed, they can never be seen 
to advantage, and therefore their individual effect is lost, 
while, from their very nature, they cannot possibly produce 
that general effect as an ornament which good taste imperi- 
ously requires. In employing regularly combined groups of 
figures, there is suficient scope given to the powers of the 
artist, while the ^stematic arrangement of his work pre- 
vents it from interfering with the general character of the 
place which it is to embellisL 

The effects which the Kaleidoscope develops, when ap- 
plied to the representations of living objects, will, we have 
no doubt, give very great surprise to those who have not 
previously examined them. In order to enable the reader 
to form some notion of them, we have given, in the an- 
nexed Plate, a series of reduced figures, taken principally 
from the antique. In order to separate an individual 
figure from the rest, we have only to cut an opening of 
nearly the same size in a piece of paper, and lay it upon 
the surface of the plate, so as to conceal all the adjoining 
figures, and permit the required figure to be seen through 
the aperture. By applying a Kaleidoscope, in which the 
inclination of the mirrors does not exceed 30^, the figure 
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will be combined into a fine pattern, exhibiting, perhaps, 
the head and a part of the body in every sector; while the 
hands, or the lower extremities, are thrown into the stiff 
part of the design. The singular ease and grace with 
which the figure necessarily rises out of the formal part of 
the pattern, and with which it connects itself with the 
general picture, produces a new effect, which, so far a& we 
can learn, no artist had ever attempted to produce. 

In order to group these single figures with perfect accu- 
racy, the Kaleidoscopes constructed by Mr. Bate should be 
employed, as both his instruments have a contrivance 
which allows the light to fall freely upon the surface of 
the picture.^ 

When the figures which we wish to introduce are larger 
than the aperture of the Kaleidoscope, we must use the 

Fio. 51. 




lens, and place them at such a distance as to reduce them 
to the proper magnitude. 

1 See p. 9Sk 
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The effect which is produced by these simple outlines 
will convey some idea of the beauty which must charac- 
terize the designs when the figures are finely shaded, or 
chastely coloured. 

By the application of the lens, paintings or statues of 
any size may be reduced and admitted into the figure. 

In order to convey to the reader some idea of the effect 
produced by the Kaleidoscope in grouping figures, we have 
given in Fig. 51 a design created by the instrument. The 
inclination of the mirrors by which the figures were arranged 
is 36**, or 1-1 0th of a circle ; and therefore the object is 
multiplied ten times, so as to give^v^ pair of direct and 
inverted images. 

3. Designs for Carpets. 

There is none of the usefiil arts to which the creations 
of the Kaleidoscope are more directly applicable than the 
manufacture of carpets. In this case, the manufacturer 
requires not merely the outline of a design, but a design 
filled up with the most brilliant colours ; and upon the 
nature of the figure which he selects, and the tints with 
which he enriches it, will depend the beauty of the effect 
which is produced. A carpet, indeed, is in general covered 
with a number of Kaleidoscope designs, arranged in lines 
parallel to the sides of the apartment ; and while this in- 
strument creates an individual pattern, it may also be 
employed, by the assistance of the lens, in exhibiting the 
effect or arranging or grouping these individual patterns, 
according to the form of the apartment, and other circum- 
stances which should invariably be attended to. 
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When a plasterer oraainents the ceiling of a room, Uie 
figure which he chooses is always related to the shj^ of 
the ceiling, and varies according as it is circular, elliptical, 
square, or rectangular. In like manner, a carpet should 
always have a relation to the form of the apartment, not only 
in the shape and character of the individual designs, but 
in the mode in which they are combined into a whole. 
Although the designs given by the Kaleidoscope are in 
general circular, yet, when they are once drawn, their out- 
line may be made either triangular, square, rectangular, 
elliptical, or of any other form that we please, without 
destroying their beauty. The outline of the pattern may 
be varied in the instrument, by varying the sha^ of the 
part of the tube or aperture which bounds the field of view 
at the widest end of the angular aperture ; but it is only 
at certain inclinations of the reflectors that any of the 
regular figures can be produced in this way. If the bound- 
ing line is circular, the field of view will be a circle ; if the 
bounding line is rectilineal, and equally inclined to the 
reflectors, the field of view will be a regular polygon, of as 
many sides as the number of times that the angle of the 
reflectors is contained in 360° ; if the bounding line is 
rectilineal, but placed at right angles to one of the reflec- 
tors, tiie figure will still be a regdar polygon, but its 
number of sides will be equal to half the number of times 
that the an^e of the reflectors is contained in 360°. 
Hence it follows, that a square field may be obtained in 
two ways, either by placing the mirrors at an angle of 45°, 
and making the boimding line perpendicular to one of the 
reflectors ; or by inclining the mirrors 90°, and mddng the 
bounding line equally inclined to both reflectors ; — and 

K 
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that a triangular field may be obtained, either by inclining 
the mirrors 60°, and setting the bounding line at right 
angles to one of the reflectors, or by making the inclination 
120°, and placing the bounding line at an angle of 60° 
and 30° to the reflectors. An elliptical field may be ob- 
tained, by giving the bounding line the shape of one quarter 
of an ellipse, and placing it in such a manner that the vertex 
of the conjugate axis falls upon one of the reflectors, and 
the vertex of the transverse axis upon the other. 

The form of the pattern being determined, the next step 
is to select an outline, and the colours which are to enter 
into its formation. In order to do this to the greatest 
advantage, the differently coloured worsteds which the 
manufacturer proposes to employ should be placed upon a 
plane surface, either in the state of thread, or, what is 
much better, when they are wrought into cloth. These 
differently coloured pieces of carpet., which we may suppose 
to be blue, green, and yellow, must then be placed at the 
distance of a few feet from the Kaleidoscope, so that their 
image may, by means of the lens, be formed at the end of 
the reflectors. In this state a very perfect pattern wiH be 
created by the instrument, and the blue, green, and yellow 
colour will predominate according as a greater or a lesser 
portion of these colours happens to be opposite to the angu- 
lar aperture. By shifting the position of the Kaleidoscope, 
any one of the colours may be made to predominate at 
pleasure ; and the artist has it thus in his power, not only 
to produce any kind ui outline that he chooses, but regulate 
the masses of colour by which it is to be filled up ; and to 
try the effects which will be produced by the juxtaposition 
of two colours, by the separation of others, or by the trans- 
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ference of the separate or combine<l masses to different parts 
of the design. It would be foreign to our object to describe 
the apparatus by which these changes in the quantities of 
colour, and in their relative position, may be most easily 
and conveniently effected ; the artist can have no difficulty 
in constructing such an apparatus for himself, and by means 
of it he will be enabled to obtain results from the Kaleido- 
scope which he would have sought for in vain from any 
other method. 

As the methods we have described of using the Kaleido- 
scope in ornamental architecture, or ornamental painting, 
and in the manufacture of carpets, will apply to the various 
other professions in which the formation of symmetrical 
designs is a necessary part, I shall merely state, that it will 
be found of the greatest advantage to the jeweller in the 
arrangement of precious stones ; to the bookbinder, the 
wire-worker, the paper-stainer, and the artist who forms 
windows of painted glass. In this last profession, in par- 
ticular, the application of the Kaleidoscope cannot fail to 
indicate combinations far superior to anything that has 
yet been seen in this branch of art. From the uniformity 
of tint in the separate pieces of glass which are to be com- 
bined, the effect produced by the instrument from portions 
of the very same glass that is to be used for the windows, 
may be considered as a i)erfect fao-simile of the window 
when well executed on a large scale. 
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CHAPTER XXL 

ON THE PHOTOGBAPHIC DELINEATION OP THE PICTURES 
CREATED BY THE KALEIDOSCOPE. 

In a preceding chapter we have referred to the delinea- 
tion of the pictures created by the Kaleidoscope, when they 
are received on the ground glass of a camera obscura, or 
when a camera ludda is placed at the eye-end of the in- 
strument Both of these methods are very imperfect, and 
when the pictures have been cq)ied for useful purposes, we 
believe that tiiey have generally been executed by a skilful 
draughtsman, who delineated careMly one of the sectors of 
which the figure is composed, and then wpeated it so as to 
complete the picture. 

Since the invention of the Kaleidoscope, the discovery of 
the photographic art — of the Daguerreotype and Talbotype 
processes, has given a new value to the instrument. By 
means of a Kaleidoscope Camera^ the most comjdex figures 
can be almost instantaneously transferred to paper, or to 
plated copper, and hundreds of designs offered to the choice 
of the artist who is to employ them. The very same figure 
which is obtained by one mode of illumination, may be 
altered indefinitely, by merely changing the direction or the 
intensity of the light, all the objects which give the figure 
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remainiiig fixed in the object-box. The optical arrangement 
by which these figures may be copied, photographically, is 
substantially the same as that which is shown in Fig. 52, 
where c g d f is the Kaleidoscope, a o the object-box, and 
LL a small achromatic lens, of rock crystal or glass, a 
quarter of an inch in diameter, placed in contact with the 
extremities of the glass or metallic reflectors, and having its 
centre immediately behind the small opening at e. When 
the rays of the sun, or any other strong light, containing 
the actinic rays, are thrown obliquely upon the object-box 
A o, an image of the B^aleidoscopic figure, produced by the 

Fig. 52. 




objects in the object-box, will be formed at p p, in the focus 
of the lens l l. If the focal length of the lens l l is equal 
to one-half c 6, tl^ length of the Kaleidoscope, the image 
will be formed behind l l, at a distance equal to c g, and 
of the same size as the object-box ; but if the focal length 
of L L is greater than the half of c G, the image will be 
formed at a greater distance than c g, behind the lens, and 
the size of it will be greater than that of ike object-box, 
the distance and the size of the picture increasing as the 
focal length of the lens increases ; and when it becomes 
equal to c G, the size and the distance of the picture will 
be infinitely great. When the focal length of the lens is 
less than half c G, the figure will be smaller than the object- 
box, and nearer the lens. 
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Tlie Kaleidoscope Camera, 

Every camera employed for the purposes of photography 
may be readily adapted for taking the pictures formed by the 
Kaleidoscope. We have only to take out the lens or lenses 
which belong to it, and place the Kaleidoscope furnished 
with its lens l l, Pig. 52, in the inner tube, which is 
movable by means of the rack and pinion. If the picture 
can be made distinct on the grey glass by the rack and 
pinion, a negative or positive copy of it may be taken on 
collodion or paper, in the same manner as other photo- 
graphs. In some cameras the end of the box which con- 
tains the grey glass is movable, backwards and forwards, 
so that the ac^ustment for rendering the picture distinct 
may be effected, though the E^eidoscope is fixed in the 
front portion of the box. 

When the camera is made for the express purpose of 
taking Kaleidoscope pictures, it becomes a very simple in- 
strument and may be constructed easily and cheaply. It 
requires no lens excepting the small one l l of rock crystal 
or of glass, a quarter of an inch in diameter. The aperture 
required for this lens is so small that the spherical and 
chromatic aberration cannot iiyure, in any sensible man- 
ner, the distinctness of the picture. The difference between 
the chemical and luminous focus, which cannot be made to 
coincide with a single lens, may be easily determined by 
experiment, or in order to avoid this, the small lens may 
be made achromatic.^ 

The form of the camera as fitted up with one of Mr. 

1 A thin len<i of rock crystal will tnnsmit more of the actinic rays than ono 
rendered achromatic. 
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Bate's Kaleidoscopes, with metallic reflectors, is shown 
in the annexed figure, where m c d N is the body of the 
camera, mn op the tube which is moved out and in by 
a milled head attached to the pinion which drives the 
rack on the tube mnop. The Kaleidoscope a b l l, ex- 
hibiting the figure which is tcT be copied, is temporarily 
fixed in this tube by pieces of cork or wood, so that its 

Fie. 58. 




axis, or the line of junction of the reflectors, may be per- 
pendicular to the surface of the grey glass p q, which can 
be taken out, so as to allow the collodion or paper slide to 
be placed in the same groove. 

The pictures should always be taken, when it is possible, 
by sunlight incident obliquely upon the object-box, or with 
the illuminators already described. When this cannot be 
done, artificial Hght, containing the actinic or chemical 
rays, may be thrown upon the object, as shown in Fig. 52. 
The light of coal gas, which may be condensed for any 
length of time upon the objects in the object-box, will be 
found to answer the purpose ; but if a more rapid process 
is required, we may, as proposed by Mr. Moule, use the 
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Bengal lights, which contain a large quantity of the ac- 
tinic rays.^ These lights are composed of wa? parts of nitre, 
two of sulphur, and cme of the mdphuret of antimony. The 
powder is made up in the shape of a cone, which is ignited 
at the top ; but it would be better to spread it out widely, 
in order that it may be Condensed upon the object-box. 
The lime-ball light may also be employed, but the Bude 
light, which is a coal-gas flame, rendered more intensely 
luminous by a stream of oxygen, is preferable to any other 
artificial flame. In using it, or any other of the lights 
already mentioned, for obtaining Kaleidoscope figures, it 
must either be placed very near the object-box, or condensed 
upon it by a large lens, on account of the small size of the 
aperture at the eye-end of the Kaleidoscope. 

In the formation of the Kaleidoscope figures, it is neces- 
sary to pay particular attention to the colour of the objects 
of which they are to be composed, red, orange, and dark 
yellow objects, which transmit few, if any, actinic rays, 
should not be employed. Blue glasses, which transmit no 
red rays, are actinically more luminous than colourless 
glasses, and therefore pale blue, pale green, and pale yellow 
glasses may be advantageously comMned with colourless 
glasses as objects for the object-box. 

When we wish to copy photographically the pictures 
obtained from external objects, we must use the Telescopic 
Kaleidoscope of Mr. Bates, by which the images of these 
objects are formed at the extremity of the reflectors. These 
objects may be flowers, plants, architectural ornaments, or 
parts of them, paintings, photographs, statues, or loose and 
irregularly placed materials of any kind. In the figures 

1 See the Journal nf ike Photographic Society, toL iw. p. 137. 
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created by the common Kaleidoscope, we must trust to 
chance for the formation of the figures, and can only choose 
those which we like out of a large number accidentally 
formed ; but when we make use of external objects, we can 
group them and illuminate them in any manner we choose, 
selecting those forms and colours which, when combined, 
produce the eflFect that we desire. 

This power of arranging the objects, when in contact 
with the ends of the reflectors, may be obtained with the 
Kaleidoscope of Mr. Bates, shown in Fig. 29, by removing 
the anterior half of the cone when the objects are opaque, 
and placing the camera in a vertical position. The ob- 
jects being placed upon a horizontal plate, may, if opaque, 
be illuminated by reflected light, and the picture of them, 
when combined by the Kaleidoscope, taken in the same 
manner as when the instrument was in the position shown 
in Fig. 52. K the figure is not what we like, we can 
shift any individual object, or remove it, or replace it by 
another, till we are satisfied with the combination. 

The very same power of altering the combination, may 
be obtained for transparent objects. We have only to place 
these objects on a horizontal plate of glass, not connected 
with the Kaleidoscope, but capable of being removed fix)m 
it, and again brought close to the ends of the reflectors. 
When the objects on the glass plate have been put into 
their proper place, so as to give the desired picture, the 
plate is brought as near as possible to the ends of the 
reflectors, and the objects are illuminated either by solar or 
other light reflected upwards upon the olgect-box. 
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CHAPTER XXIL 

ON THE ADVANTAGES OF THE KALEIDOSCOPE AS AN 
IN8TKUMENT OF AMUSEMENT. 

The splendid discoveries which have been made with 
the telescope and microscope have invested them with a 
philos(^hical character which can never be attached to any 
other instrument. It is only, however, in the hands of the 
astronomer and naturalist that they are consecrated to the 
great objects of science ; their ordinary possessors employ 
them solely as instruments of amusement, and it is singular 
to remark how soon they lose their novelty and interest 
when devoted to this inferior purpose. The solar micro- 
scope, the camera obscura, and the magic lantern, are equally 
shortlived in their powers of entertainment ; and even the 
wonders of the electrical and galvanic apparatus are called 
forth, at long intervals, for the occasional purposes of in- 
structing the young, or astonishing the ignorant. A 
serenity of sky very imcommon in our northern climate, 
is absolutely necessary for displaying the powers of some 
of the preceding instruments ; and the effects of the rest 
can only be exhibited after much previous preparation. 
From these causes, but principally from a want of variety 
in their exhibitions, they have constantly failed to excite, 
in ordinary minds, that intense and continued interest 
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which might have been expected from the ingenuity of their 
construction and the splendour of their effects. 

The pleasure which is derived from the use of musical 
instruments is of a different kind, and far more intense in 
its effects, and more general in its influence than that which 
is obtained from any of the preceding instruments. There 
are, indeed, few minds that are not alive to the soothing 
and exhilarating influence of musical sounds, or that do not 
associate them with the dearest and most tender sympathies 
of our nature. But the ear is not the only avenue to the 
heart ; and though sorrow and distress are represented by 
notes of a deep and solemn character, and hapinness and 
gaiety by more light and playful tones, the same kind of 
feelings may also be excited by the exhibition of dark and 
gloomy colours, and by the display of bright and aerial 
tints. The association, indeed, is not so powerful in the 
one case as in the other, for we have been taught from our 
infancy, in consequence of the connexion of music and 
poetry, to associate particular sentiments with particular 
sounds ; but there can be no doubt that the association of 
colour is naturally as powerful as that of sound, and that 
a person who has never listened to any other music but 
that of nature, nor seen any other colours but those of the 
material world, might have his feelings as powerftdly ex- 
cited through the medium of the eye as through that of 
the ear. 

The first person who attempted to supply the organ of 
vision with the luxuries of light and colour, was Father 
Castel, a learned Jesuit, who had distinguished himself 
chiefly by his opposition to the splendid optical discoveries 
of Newton. About the year 1 725 or 1 726, he published in 
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the Mercure de FarU, his firgt ideas of an organ, or ocular 
harpsichord. A full account of this curious instrument was 
afterwards published at Hamburgh, in 1739, by M. Telle- 
mann, a German musician, who had seen one of the harpsi- 
chords in the possession of the inventor, when he was on a 
vi^t to Paris. This account was afterwards translated into 
French, and printed at the end of Castel's L'Optique dea 
Cauleurs,^ which appeared at Paris in 1740. The ocular 
harpsichord is a common harpsichord, fitted up in such a 
manner, that when a certain sound is produced by striking 
the keys, a colour related to that sound is at the same 
instant exhibited to the eye in a box or frame connected 
with the harpsich(»rd ; so that when a piece of music is 
played for the gratification of the ear, the eye is simultane- 
ously delighted by the display of corresponding colours. 

In adjusting the colours and the sounds, Oastel lays 
down the following six propositions : — 

Istf — ^There is a fundamental and inimitiye sound in 
nature, which may be called vt, and there is also an origi- 
nal and primitive colour, "which is the foundation of all 
other colours, namely, bltie, 

2df — ^There are three chords, or essential sounds, which 
depend upon the primitive sound tit, and which compose 
with it a primitive and original accord, and these are vt, 
miy 8oL There are also three original colours depending 
on the blue, which, while they are not composed of any 
other colours, produce them all, namely, blm, yellow, and 

> Thii work is entitled, L'Optique des Oouimri, Jmdit tur let timplet t^aervatimit 
et loumd turtcut d la pratique de la peinture, de la temture, et des autret arts 
coloriski. Par le R. P. Castel, JesuHe. Paris, 1740. 
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red. The blue is here the note of the tone, the red is the 
fifth, and the yellow is the third. 

My — There are five tonic chords, vt, re, mi, sol, la, and 
two semitonic chords, fa and sL There are also five tonic 
colours, to which all the rest are ordinarily related, namely, 
blue, green, yellow, red, and violet, and two semitonic or 
equivocal colours, namely, aurora and violant (related to 
the orange and indigo of Newton). 

^th, — Out of these five entire tones, and two semitones, is 
formed the diatonic scale, ut, re, mi, fa, sol, la, and si ; and, 
in like manner, out of the five entire or tonic colours, and the 
two domi-colours, are formed the gradation of colours, blue, 
green, yellow, mirora, red, violet, and violant ; for the blue 
leads to green, which is demi-Uue ; the ydlow to awora, 
which is gilded yellow ; the aurora leads to red, the red 
to vvoht, which is two-thirds of red, and one-tiiird of blue ; 
and the vvdet to violant, which has more Uue than red, 

5tk, The entire tones divide themselves into semitones ; 
and the five entire tones of the scale or gamut, comprehend- 
ing in this the two natural semitones, make twdve semi- 
tones, viz., ut natural, tut dieze, re, re dieze, mi, fa, fa dieze, 
sol, sol dieze, Ui, la dieze, and si. In like manner there 
are twelve demi-colours, or demi-tints, and there can be 
ndther more nor less, according to the opinion of pamters 
themselves, and as may be demonstrated by other means. 
IlieBe colours are bhie, seorgreen, green, olive, ydlow, aurora, 
orange, red, crimson, violet, a>gathe, and violant. Blue leads 
to seorgreen, which is a greenish blue ; seorgreen leads to 
green ; green to olive, which is a yellounsk green ; dive to 
ydlow ; ydlow to aurora ; aurora to orange ; orange to 
red, the colour of fire ; red to crimen, which is red mixed 
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with a little blue; crimson to violet, which is still more blue ; 
violet to agathe, or bluish violet ; and agaihe to violant. 

6thy The progression of sounds is in a circle, setting out 
from vtf and returning back : thus, tU, mi, sol, ut, or ut, 
re, mi, fa, sol, la, si, vt. This is called an octave, when 
the last vt is one-half more acute than the first. The colours 
also have their progression in a circle. 

1th, After an octave, vJt, re, mi, fa, sol, la, si, there 
recommences a new one, which is one-half more acute, and 
the whole circle of music produces several octaves. 

Such are the principles upon which the ocular harpsichord 
was founded ; but though the instrument, from its singu- 
larity, excited great attention when it was first constructed, 
we have not been able to learn that it was ever supposed 
to possess the power of aftbrding pleasure to the eye. It 
must be obvious, indeed, to any person who considers the 
subject, that colour, independent of form, is incapable of yield- 
ing a continued pleasure. Masses of rich and harmonious 
tints, following one another in succession, or combined 
according to certain laws, would no doubt give satisfaction 
to a person who had not been familiar with the contempla- 
tion of colours ; but this satisfaction would not be perma- 
nent, and he would cease to admire them as soon as they 
ceased to be new. Coloiu- is a mere accident of light, which 
communicates richness and variety to objects that are other- 
wise beautiful ; but perfection of form is a source of beauty, 
independent of all colours ; and it is therefore only from a 
combination of these two sources of beauty that a sensation 
of pleasure can be excited. 

Those who have been in the habit of using a correct 
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Kaleidoscope, furnished with proper objects, will have no 
hesitation in admitting that this instrument realizes, in the 
fullest manner, the formerly chimerical idea of an ocular 
harpsichord. The combination of fine forms, and ever-vary- 
ing tints, which it presents in succession to the eye, have 
already been found, by experience, to communicate to those 
who have a taste for this kind of beauty, a pleasure as in- 
tense and as permanent as that which the finest ear derives 
from musical sounds. An eye for admiring and appreci- 
ating the effect of fine forms, seems, indeed, to be much 
more general than an ear for music ; and we have heard of 
many cases where the tedium of severe and continued in- 
disposition has been removed, and where many a dull and 
solitary hour has been rendered cheerful, by the unceasing 
variety of entertainment which the Kaleidoscope afforded. 
In one respect, indeed, this instrument is superior to all 
others. When it is once properly constructed, its effects 
are exhibited without either skill or labour ; and so nume- 
rous are its applications, and so inexhaustible its stores, 
that the observer is constantly flattered with the belief that 
he has obtained results which were never seen before, and 
that he has either improved the instrument, or extended 
its power, by new applications. 

Such are the advantages, as an instrument of amusement, 
which the Kaleidoscope possesses, even in its present imper- 
fect state. To what degree of perfection it may yet arrive, 
it is not easy to anticipate ; but we may venture to pre- 
dict, because we see the steps by which the prediction is 
to be fulfilled, that combinations of forms and colours may 
be made to succeed each other in such a manner as to excite 
sentiments and ideas with as much vivacity as those which 
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are excited by musical composition. If it be trae ^ba,t 
there are harmonic colours which inspire more pleasure by 
their combination than others ; tiiat duU and gloomy masses, 
moving slowly before the eye, excite feelings of sadness and 
distress ; and that the aerial tracery of light and evanes- 
cent forms, enriched with lively colours, are capable of in- 
spiring us with cheerfulness and gaiety ; then it is unques- 
tionable, that, by a skilful combination of these passing 
visions, the mind may derive a degree of pleasure far supe- 
rior to that which arises from the immediate impression 
which they make upon the organ of vision. A very simple 
piece of machinery is alone necessary for introducing objects 
of different forms and colours, for varying the direction of 
the motifm across the angular aperture, and for accommo- 
dating the velocity of their motion to the effect which it is 
intended to produce. 

These combinations of colours and forms may be adapted 
to a piece of nrasic, and their succession exhibited on a 
screen by means of the electric, or lime-bdl, or other lights 
to which we have abeady had occasicm to refer. The 
coloured objects might be fixed between long stripes of 
glass, moved horizontally or obliquely across the ends g( 
the reflectors ; and the effects thus obtained might be varied 
by the occasional introduction of revolving object-boxes, 
containing objects of various colours and fcmns, partly fixed 
and partly movable. Similar forms in different colours, and 
in tints of varying intensity, losing and resuming their 
peculiar character with different vdocities, and in different 
times, might exhibit a distinct relation between the optical 
and the acoustic phenomena simultaneously presented to the 
senses. Flashes of light, coloured and colourless, and clouds 
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of different depths of shadow, advancing into, or emerging 
from the centre of symmetry, or passing across the radial 
lines of the figure at different obliquities, would assist in 
marking more emphatically the gay or the gloomy sounds 
with which they are accompanied. 

A slight idea of the effects which nught be expected from 
an ingenious piece of mechanism for creating and combining 
the various optical i^enomena, and exhibiting them in con- 
nexion with musical sounds, may be obtained by a single 
observer, who looks into a fine Kaleidoscope, firmly fixed 
upon a stand, and produces with his two hands all tiie vari- 
ati^is in fonn and colour which he can effect by such in- 
adequate meanS) and which he considers appropriate to the 
musdcal piece diat aec(NEnpanies them. 
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CHAPTER XXIIL 

mSTOST OF THE OOMBINATIONS OF PLANE MIBBOBS WHICH 
HAVE BEEN SUPPOSED TO BESElfBLE THE KALEIDOSCOPE. 

It has always been the fate of new inventions to have 
their origin referred to some remote period ; and those who 
labour to enlarge the boundaries of science, or to multiply 
the means of improvement, are destined to learn, at a very 
early period of their career, that the desire of doing justice 
to the living is a much less powerful principle than that of 
being generous to the dead. This mode of distributing 
fame, iiyurious as it is to the progress of science, by taking 
away one of the strongest excitements of early genius, has 
yet the advantage of erring on the side of generosity ; and 
there are few persons who would reclaim against a decision 
invested with such a character, were it pronounced by the 
grave historian of science, who had understood and studied 
the subject to which it referred. 

The apparent simplicity, both of the theory and the con- 
struction of the Kaleidoscope, has deceived very well-mean- 
ing persons into the belief that they understood its mode of 
operation ; and it was only those that possessed more than 
a moderate share of optical knowledge, who saw that it was 
not only more difficult to understand, but also more difficult 
to execute, than most of the philosophical instruments now 
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in use. The persons who considered the Kaleidoscope as 
an instrument consisting of two reflectors, which multiplied 
objects, wherever these objects were placed, and whatever 
was the position of the eye, provided that it received only 
the reflected rays, were at no loss to find numerous candi- 
dates for the invention. All those, indeed, who had observed 
the multiplication and circular arrangement of a fire blazing 
between two polished plates of brass or steel ; who had 
dressed themselves by the aid of a pair of looking-glasses, 
or who had observed the effects of two mirrors placed upon 
the rectangular sides of a drawing-room, were entitled, upon 
such a definition, to be constituted inventors of the Kalei- 
doscope. The same claim might be urged for every jeweller 
who had erected in his window two perpendicular mirrors, 
and placed his wares before them, in order to be multiplied 
and exhibited to advantage ; and for every Dutch toy- 
maker, and dealer in optical wonders, who had manufac- 
tured show-boxes, for the purpose of heaping together, 
in some sort of order, a crowd of images of the same ob- 
ject, of different intensities, seen under different angles, and 
presenting different sides to the eye. This mode of group- 
ing images, dissimilar in their degree of light, dissimilar in 
their magnitude, and dissimilar in their very outlines, pro- 
duced such a poor effect, that the reflecting show-boxes have 
for a long series of years disappeared from among the num- 
ber of philosophical toys. 

From these causes, the candidates for the merit of in- 
venting the Kaleidoscope have been so numerous, that 
they have started up in every part of the world ; and many 
individuals, who are scarcely acquainted with the equality 
of the angles of incidence and reflexion, have not scrupled 
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to favoar the world with an account of the im{Hroyements 
which they fancy they have made upon the instrument ^ 

The earliest writw who appears to have desmbed the 
use of two plane mirrors, was 6i^>tista Porta, who has 
given an account of several experiments which he performed 
with them, in the second chapter of the seventh book of 
his Magia Naturalis, 

As the combination of plane mirrors whkh he there 
describes has been r^resented as the same as the Kalddo- 
scope, we shall give the passage at full length : — 



Speculum ^ plants muUividum construere. 

<< Speculum ccmstruitur, quod pclyphaUm id est multorum 
visibilium didtur, illud enim aperiendo et daudendo solius 
digiti viginti et plura demonstrat simulacra. Sic igitur id 
parabis. .^^"ea duo specula vel crystalHna rectangula super 
baeim eand^n erigantur, sintque in hemiolia proportione, 
vel alia, et secundum l(mgitudinis latus unum simul colli- 
gentur, ut libri instar apte claudi et s^riri possint, et an- 
guli diversentur, qualia Yenetiis factitari solent : faciem 
enim unam objiciens, in utroque plura cenjes ora, et hoc 
quanto arctius clausms^ minorique fuerint angulo : aperiendo 
autem minuentur ; et obtudori cemes angulo, paudera nu- 
mero conspicientur. Sic digitum ostend^is, non nisi digitos 
cemes, dextra insuper dextra, et sinistra sinistra convisun- 

1 It would be an easy matter to amuse the reader with an aocoont <A tbeee ira- 
proTements. One of the most notable of them consists in coToring the back of the 
reflectors with white paint, for the pmpose of increasbig £he light of the drcolar 
field. This scheme is identically the same as if the author had proposed to improve 
the magnificent telescopes of Herschel, when rendered dark with a high magnify- 
ing power, by uhiU-watkit^ the interior of the tnbe. 
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tur ; quod speculis contrarium est : mutuaque id evenit 
reflexione, et pulsatione, unde imaginum vicissitudo." — 
Edit, Anutdod, 1664. 



The following is an exact and literal translation of this 



Mow to construct a multiplying speculum out of plane ones. 

A speculum is construoted, called polt/phatony that is, 
which shows many objects, for by opening and shutting it, 
it exhibits twenty and more images of the finger alone. 
You will therefore prepare it in the following manner : — 
Let two rectangular specula of brass or crystal be erected 
upon the same base, and let their length be one and a half 
times their width, or in any other proportion ; and let two 
of their sides be placed together, so that they may be opened 
and shut like a book, and the angles varied, as they are 
generally made at Venice. For by presenting your face, 
you will see in both more faces the more they are shut, and 
the less that the angle is ; but they will be diminished by 
opening it, and you will see fewer as you observe with a 
more obtuse angle. If you exhibit your finger, you will 
see only fingers, the right fingers being seen on the right 
side, and the left on the left side, which is contrary to 
what happens in looking-glasses, and this arises from the 
mutual reflexion and repulsion which produce a change of 
the images. ^ 

1 We request that the reader will take the trouble of comparing vith the original 
the f(^owing translatioji of Baptista Porta's dettmption, which was published in 
Londcm, and copied into all the foreign newspapers, etc. We hope the translator 
of it had no improper motire in altering the obvious meaning of the original : yet 
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It is quite obvious, from the preceding passage, that the 
multiplying speculum described by Porta was not an inven- 
tion of his own, but had been long made at Venice. In 
the very next chapter, indeed, where he describes a speculum 
thecUrale or amphitheatrale (the shoto-hox of Harris and 
other modem authors), he expressly states, that a multiply- 
ing speculum was invented by the ancients. — " Speculum 
autem e planis compactum, cui si unum spectabile demon- 
strabitur, plura illius rei simulachra demonstrabit, prudens 
invenU vehutas ; ut ex quibusdam Ptolemssi scriptis quae 
circumferuntur perdpitur;" that is, "a speculum consist- 
ing of plane ones, which, when one object is presented to 
it, will exhibit several images of it, was invented by skilful 
antiquity, as appears from some of the writings of Ptolemy." 
This speculum, which consists of several mirrors arranged 
in a polygon, with the object within it, is characterized by 

It is siDgol&r, (bftt in the Journal where this tramlation appeared, the upeciflcation 
of the patent was pnblished under the title of Directions for making the Kaleido- 
scope, purporting to be an original communication to that Joomal the name of 
the patentee, and the technical parts of the specification having been left out* 
apparently to promote the belief that there was no patent, and that every person 
might make them with impunity. The following is the translation alluded to : — 

" In the following manner we may construct a mirror for seeing a multitude of 
objects on a plain surface. This kind of mirror, when constructed, is what is ciJIed 
polyphaUm, that is to say, multiplying, for by opening and shutting, it shows twenty 
and more images of one single finger. If, therefore, you wish to prepare it. let two 
brazen or crystal rectangalar mirrors be erected on the same base, and let the pro- 
portion of length be one and a half of the width, or any other proportion ; and let 
eadi side for the whole of its length be so connected together that they may easily 
be shut and opened like a book, and that the ad^cs may be varied, as they are 
usually constructed at Venice ; for if you place one object opposite to the face o/each^ 
you will see teveralfigurei ; and this in proportion as you shut it clof er, and the angle 
shall be less. But. by opening, the objects will be reduced in number, and the more 
obtuse the angle under which you see it, the fewer objects will be seen. 80 if you 
exhibit your linger as the object, yon will see nothing but flngen>. The right fingws 
will be seen on the right side, and the left on the left side, which is contrary to the 
usual custom with looking-glasses ; but this happens flrom the mutual reflexion and 
repulrion which produce a change of the images." 
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Porta as puerile, and much less wondered and agreeable 
than one of his own, which he proceeds to describe. This 
new speculum consists of ten mirrors, placed within a box, 
in a sort of polygonal form, with one of the sides of the 
polygon open. Architectural columns, pictures, gems, pearls, 
coloured birds, etc., are all placed within the box, and their 
images are seen heaped together in inextricable disorder, as 
a whole, but so as to astonish the spectator by their number, 
and by the arrangement of individual groups. Porta speaks 
of this effect as so beautiful, " ut nil jticundius nil certe 
admirahilius oculis occurset nostris," — ^that nothing more 
agreeable, and certainly nothing more admirable, was ever 
presented to our eyes. 

It would be an insult to the capacities of the most ordi- 
nary readers to show that the instruments here described 
by Baptista Porta have no farther connexion with the 
Kaleidoscope than that they are composed of plane mirrors. 

The sole purpose of these instruments was to multiply 
objects by reflexion ; and so little did the idea of producing 
a symmetrical picture enter into Baptista Porta's contempla- 
tion, that he directs the mirrors to be placed at any angle, 
because the multiplying property of the mirrors is equally 
developed, whatever be the angle of their inclination. 

The show-box of which Porta speaks with such admira- 
tion, has so many mirrors, and these are placed at such 
angles, that not one of the effects of the Kaleidoscope can 
be produced from them. Its beauty is entirely derived 
from the accumulation of individual images. 

The next competitor for the invention of the Kaleido- 
scope is the celebrated Kircher, who describes, as an inven- 
tion of his own, the construction of two mirrors which can 
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be opened and shut like the leares of a book. This instro- 
ment is represented in Fig. 54, and is described in the 
following passage : — 



Fio. 54 




Parastasis I. 

S])ecula plana mttltiplicativa sunt specierum tmins rei. 
Yide Fig. 54. 

Mira qusedam et a neminc, quod sciam observata pro- 
prietas elucescit in duobus speculis ita constmctis, lit ad 
instar libri claiidi et aperiri possint ; ponantur iUa in piano 
quopiam, in quo semicirculum in gradus suos descriptum 
habeas. Si enim ponctum, in quo specula committuntur, 
in centro semicirculi statuas, ita ut utrumque speculi latus 
diametro insistat, semel tantam videbitur rei imago, appare- 
buntque duse res, una extra speculum vera, altera intra, 
phantastica : Si vero specula ita posueris, ut divaricatio 
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laterum 120 gradus intercipiat, videbis rei intra latera est, 
quia angulus reflectionis et incidentiae tantus est, quantus 
est angulus interceptus a lateribus, videlicet 120 grad. qui 
cum obtusius sit, non nisi binam imaginem causare potest, 
ut in Propoa. v. foL 848, ostensum est Si vero specula 
interceperint angulum 90 gradnum, videbis in piano circu- 
lum in quatuor partes divisum, in quibus totidem simulacra 
rei positse eomparabunt, tria phantastica, et unum verum ; 
cum enim leflectio fiat ad angulos rectos ntmmque latus re- 
flectens formam caueabit intra se alias duas fonnas, unde et 
consequentur pro multiplicatione laterum formss multipli- 
cabuntur, quse et in reflectione laterum normam servabunt 
uti in Propos. v. foL 848, ostendimus. Porro si specu- 
lorum latera interceperint angulum 72 graduum, videbis in 
piano horizontali efformari perfectum et regulare pentago- 
num, in quo totidem formse apparebunt, item, si sexaginta 
graduum interceperint angulum, videbis hezagonum toti- 
demque formas quinque nimirum phantasticas unam veram. 
Ita, si speculorum angulus interceperit 5 1 gradus cum f com- 
parebit perfectum heptagonum, cum totidem rei intra spe- 
cula coUocatae formis ; non secus angulus speculorum 45 
graduum dabit octogonum ; 40 graduum dabit enneagonum ; 
36 graduum decagonum ; 32 graduum angulus cum ^ dabit 
endecagonum et denique angulus 30 graduum referet dode- 
cagonum cum totidem formis, et sic in infinitum ; ita ut 
semper tot laterum sit futurum polygonum anacampticum 
totidemque formarum, quot polygonum cuivis latus specu- 
lorum intercipit divaricatio, latera habuerit : quorum om- 
nium rationes dependent a Propos. v. precedentis distinc- 
tionis." — Kircheri, Ars Magna Lticis et Umbros. Rom. 
1646, p. 890. 
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The following is a translation of the preceding passage : — 

Parastasis I. 

Plane specula may he made to multiply the images of one 
object. See Fig. 54. 

A wonderful, and, so far as I know, a new property, is 
exhibited by two specula, so constructed that they may be 
opened and shut like a book. If they are placed upon any 
plane, in which there is a semicircle divided into degrees, 
in such a manner that the point where the specula meet is 
in the centre of the circle, and the edge of each speculum 
stands upon the diameter of the semicircle, one image only 
will be visible, and there will appear two things, namely, a 
real one, without the specula, and another formed by re- 
flexion behind them,^ and so on, as in the following table, 
where the first column shows the inclination of the specula, 
and the second the figure which is produced : — 



^le of Specula, 




E feet produced. 


180° . . . one image and one object, 


*120« 






two images and one object. 


90° 






four images. 


*72° 






a pentagon and five forms. 


60° 






a hexagon and six forms. 


*51f° , 






a heptagon and seven forms. 


45° 






an octagon and eight forms, 


*40° 






an enneagon and nine forms. 



1 1 have thrown the rest of the passage into a tabular form, that the reader may 
see, more readily, the eflbct produced by the vacation of the angle. 
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Angle of Specula. Effect produced. 

36^ . . . a decagon and ten forms, 

*32^** . . an endecagon and eleven forms, 

30® ... a dodecagon and twelve forms, 

and so on, ad ir^nitmriy the polygon formed by reflexion 
having always as many sides as the number of times that 
the angle of the specula is contained in 360°. 

The combination of plane mirrors, which Kircher de- 
scribes in the preceding extract, is precisely the same as 
that which is given by Baptista Porta. The latter, indeed, 
only mentions, that the number of images increases by the 
diminution of the angle, whereas Kircher gives the number 
of images produced at different angles, and enumerates the 
regular polygons which are thus formed. 

It must be quite obvious to any person who attends to 
Kirchef s description, that the idea never once occurred to 
him of producing beautiful and symmetrical forms by means 
of plane mirrors. His mle object was to multiply a given 
regular form a certain number of times ; and he never im- 
agined that, when the mirrors were placed at the angles 
marked with an asterisk, there could be no symmetry in 
the figure, and no union of the two last reflected images, 
unless in the case where a regular object was placed, either 
by design or by accident, in a position symmetrically re- 
lated to both the reflectors. 

In Kircher's mirrors the eye was placed in front of them. 
The object therefore was much nearer the eye than the 
images, and the light of the different reflected images 
was not only extremely unequal, but the difference in 
their angular magnitude was such that they could not 
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possibly be united into a symmetrical whole. From the 
accidental circumstance of his using lines up<m paper as an 
object, the distortion of the pictures arising from the erro- 
neous position of the eye was prevented ; but if the same 
combination of mirrors were applied to the object-plates of 
the Kaleidoscope, it would be found utterly incs^bk of 
producing any of the fine forms which are peculiar to that 
instrument 

If it were necessary to prove that Kircher and his pupils 
were entirely ignorant of the positicms of the eye and the object 
which are necessary to the production of a picture, symmetri- 
cal in all its parts, and uniformly illuminated, and that they 
went no farther than the mere multiplication of forms that 
were previously regular and symmetrical, we would refer the 
reader to Schottus* Magva Univermlis NaturceetArtiSy printed 
at Wurtzbourg in 1657, where he repeats, almost word for 
word, the description of Kircher, and adds the following 
curious observation : — *< But it is not only the objects placed 
in the semidrcle in the angle of the glasses that are seen 
and multiplied, but also those which are more distant ; for 
example, a wall, with its windows, and in this case the 
multiplication produced by the mirrors will create an im- 
mense public place, adorned with edifices and palace&" 
This passage shows, in the clearest manner, not only that 
the multiplication of an object, independent of the union of 
the multiplied objects into a E^mmetrical whole, was all 
that Kircher and his followers proposed to accomplish ; but 
also that they were entirely unacquainted with the effects 
produced by varying the distance of the object from the 
mirrors. If any person should doubt the accuracy of this 
observation, we would request him to take Kircber's two 
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mirrors, to direct them to a "wall with its windows," 
either by Kircher's method, or even by any other way 
that he chooses, and to contemplate "the public place 
adorned with edifices and with palaces." He will see 
heaps of windows and of walls, some of the heaps being 
much larger than others ; and s(Hne being farther from, and 
others nearer to, the centre ; and some hemg dark, and 
others luminous ; while all of them are disunited. Let him 
now take a Telescopic Kaleidoscope, and direct it to the 
same object ; he will instantly percdve the most perfect order 
arise out of confusion, and he will not scruple to acknow- 
ledge, that no two things in nature can be more different 
than the effects which are produced by these two combi- 
nations of mirrors. 




We come now to consider the claims of Mr. Bradley, 
Professor of Botany in the University of Cambridge. In a 
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work, entitled, New Improvement in Plarding and Garden 
in^f published iu 1717, this author has drawn and de- 
scribed Kircher's apparatus as >an invention of his own ; 
and, instead of having in any respect improved it, he has 
actually deteriorated it, in so far as he has made the breadth 
of the mirrors greater than their height. An exact copy of 
the mirrors used by Bradley is shown in Fig. 55, from 
which it will be at once seen, that it is precisely the same as 
Kircher's, shown in Fig. 54. We are far from saying that 
Bradley stole the invention from Kircher, or that Kircher 
stole it from Baptista Porta, or that Baptista Porta stole it 
from the ancients. There is reason, on the contrary, to 
think that the apparatus had been entirely forgotten, in the 
long intervals which elapsed between these diflferent authors, 
and there can be no doubt that each of them added some 
little improvement to the instrument of their predecessors. 
Baptista Porta saw the superiority of two mirrors, as a 
multiplying machine, to a greater number used by the an- 
cients. Kircher showed the relation between the number 

£lQ. 56. 




of images and the inclination of the mirrors ; and Bradley, 
though he rather injured the apparatus, yet he had the 
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merit of noticing, that figures upon paper, which had a 
certain degree of irregularity, like those in Fig. 56, could 
still form a regular figure. 

In order that the reader may fully understand Bradley's 
method of using the mirrors, we shall give it in his own 
words : — 

" We must choose two pieces of looking-glass (says he), 
of equal bigness, of the figure of a long square, Jive inches 
in length, and four in breadth ; they must be covered on 
the back with paper or silk, to prevent rubbing off the 
silver, which would else be too apt to crack off by frequent 
use. This covering for the back of the glasses must be so 
put on, that nothing of it may appear about the edges on 
the bright side. 

" The glasses being thus prepared, they must be laid 
&ce to face, and hinged together, so that they may be made 
to open and shut at pleasure, like the leaves of a book ; and 
now the glasses being thus fitted for our purpose, I shall 
proceed to explain the me of them, 

" Draw a large drde upon paper ; divide it ' into three, 
four, five, six, seven, or eight equal parts ; which being 
done, we may draw in every one of the divisions a figure, 
at our pleasure, either for garden-plats or fortifications ; 
as, for example, in Fig. 55, we see a circle divided into six 
parts, and upon the division marked f is drawn part of a 
design for a garden. Now, to see that design entire, which 
is yet confused, we must place our glasses upon the paper, 
and open them to the sixth part of the circle, i.e.y one of 
them must stand upon the line b, to the centre, and the 
other must be opened exactly to the point c ; so shall we 
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discover an entire gardai-plat in a circular form (if we 
look into the glaases), divided into ax parts, with aa many 
walks leading to the centre, where we shall find a bfusin of 
an hexagonal figure. 

<< The line a, where the glasses join, stfflids immediately 
over the centre of the circle, the glass b stands upon the 
line drawn from the centre to the point c, and the glass d 
stands upon the line leading from the centre to the point 
E : the glasses bdng thus jdaeed, cannot fail to produce the 
c(Hnplete figure we look for ; and so whatever equal part of 
a circle you mark out, let the line a stand always upon 
the centare, and open your ghuues to the division you 
have made with your compasses. If, instead of a cirde, 
you would have the figure of a h^sagon, draw a straight 
line with a pen from, the point c to the p(»nt 6, and, by 
placing the glasses as before, you will hav« the figure 
desired. 

" So likewise a pentagon may be perfectly represented, 
by finding the fifth part of a circle, and placing the glasses 
upon the outlines of it ; and the fourth part of a circle 
will likewise produce a square, by means of the passes, or, 
by the same rule, will give us any figure of equal sides. I 
easily suppose that a curious person, l^ a litde praetioe 
with these glasses, may make many improvements with 
them, which, perhaps, I may not have yet discovered, or 
have, for brevity sake, omitted to describe. 

" It next follows that I explain how, by these glasses, 
we may, from the figure of a drde, drawn iqKm paper, 
make an oval ; and also, by i^e same rule, represent a long 
square from a perfect square. To do l^iis, open the glasses, 
and fix them to an exact square ; place them over a cirde, 
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and move them to and fro till you see the representation of 
the oval figure you like best ; and so, having the glasses 
fixed, in like manner move them over a square piece of 
work till you find the figure you desire of a long square. 
In these trials you will meet with many varieties of designs. 
As for instance. Fig. 56, although it seems to contain but 
a confused representation, may be varied into above two 
hundred different representations, by moving the glasses 
over it, which are opened and fixed to an exact square. 
In a word, from the most trifling designs, we may, by this 
means, prc'duce some thousands of good draughts. 

"But that Fig. 56 may yet be more intelligible and 
useful, I have drawn on every side of it a scale, divided 
into equal parts, by which means we may ascertain the just 
proportion of any design we shall meet within it. 

" I have also marked every side of it with a letter, as 
A, B, c, D, the better to inform my reader of the use of the 
invention, and put him in the way to find out every design 
contained in that figure. 

"Example L — ^Tum the side a to any certain point, 
either to the north, or to the window of your room ; and 
when you have opened your glasses to an exact square, set 
one of them on the line of the side d, and the other on the 
line of the side c, you wiU then have a square figure four 
times as big as the engraved design in the plate : but if that 
representation should not be agreeable, move the glasses 
(still open to a square) to the number 5 of the side d, so 
will one of them be parallel to d, and the other stand upon 
the line of the side c, your first design will then be varied ; 
and so by moving your glasses, in like manner, from point 
to point, the draughts will differ by every variation of the 

M 
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glasses, till you liave discovered at least fifty plans, differing 
from one another. 

" Example IL — Turn the side marked b, of Fig. 56, to 
the same point where a was before, and by moving your 
glasses as you did in the former example, you will discover 
as great a variety of designs as had been observed in the 
foregoing experiment ; then turn the side c to the place of 
B, and, managing the glasses in the manner I have directed . 
in the first example, you may have a great variety of 
different plans, which were not in the former trials ; and 
the fourth side, d, must be managed in the same manner 
with the others ; so that from one plan alone, not exceed- 
ing the bigness of a man's hand, we may vary the figure 
at least two hundred times; and so, consequently, fit>m 
five figures of the like nature, we might show about a thou- 
sand several sorts of garden-plats ; and if it should happen 
that the reader has any number of plans for parterres or 
wilderness-works by him, he may, by this method, alter 
them at his pleasure, and produce such innumerable varie- 
ties, that it is not possible the most able designer could 
ever have contrived." 

In reading the preceding description, the following con- 
clusions cannot fail to be drawn by every person who 
understands it. 

1. Dr. Bradley, like Earcher, considers his mirrors as 
applicable to regular figures, such as are represented in 
Fig. 55. and was entirely unacquainted with the fact, that 
the inclination of the mirrors must be an euen aliquot part 
of a circle. This is obvious, firom his stating that the 
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mirrors may be set at the third, fourth, ffthy sixth, seventh, 
or eighth part of a circle ; for if he had tried to set an 
irregular object between the mirrors when placed at the 
third, fifthy or seventh part of 360°, he would have found 
that a complete figure could not possibly be produced. 

2. From the erroneous position of the eye in front of 
the mirrors, there is such an inequality of light in the re- 
flected sectors, that the last is scarcely visible, and there- 
fore cannot be united into a uniform picture with the real 
objects. 

3. As the place of the eye in Bradle/s instrument is in 
front, and therefore much nearer the object, or sector, seen 
by direct vision, the angular magnitudes of all the different 
sectors are different, and hence they cannot unite into a 
symmetrical figure. This is so unavoidable a result of the 
erroneous position of the eye — ^a position too, rendered neces- 
sary from the absurd form of the mirrors — that Bradley 
actually employs his mirrors to convert a circle into an 
ellipse, and a square into a rectangle ! 

4. In Bradley's instrument, the sectors thus unequally 
shaped, and omequally illuminated, are all separated from 
one another, by a space equal to the thickness of the 
glass plates ; and from the same cause, the images reflected 
from the first surface interfere with those reflected from the 
second, and produce a confrision or overlapping of images 
entirely incompatible with a symmetrical picture. 

These results are deduced upon the supposition that the 
object consists of lines drawn upon the surface of paper, the 
only purpose to which Bradley ever applied his mirrors ; 
but when we attempt to use these mirrors as a Kaleido- 
scope, and apply them to the objects which are usually 
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adapted to that instrument, we shall fail entirely, as the 
mirrors are utterly incapable of producing the beautiful and 
symmetrical forms which belong to that instrument 

We come now to consider the method of applying the 
mirrors to the object shown in Fig. 55y which is an exact, 
but reduced copy of Bradley*s figure. Because the angles 
of this figure are 90°, he directs that the mirrors **be 
opened and fixed to an exact square ; and that the edge of 
one of the mirrors must always be placed so as to coincide 
exactly with one of the sides of the rectangle, and carefully 
kept in this line when the position of the mirrors is 
changed." Hence it is manifest, tiiat Bradley was entirely 
ignorant of the fundamental principle of the Kaleidoscope, 
namely, that if the inclination of the mirrors is an even 
aliquot part of a circle, and if they are set in any posi- 
tion upon any object or set of objects^ however confused^ or 
distorted, or irregular, they toill create the most petfect and 
symmetrical designs. But even if Bradley had been aware 
of this principle in theory, neither he nor any other person 
was acquainted with the mode of constructing and fitting 
up the reflectors, in order to render them capable of pro- 
ducing the eflFect. The position of the eye, for synmietry 
of light, and for symmetry of form ; — the position of the 
mirrors, to produce a perfect junction of the last sectors ; — 
the position of the object necessary to produce an equality 
and perfect junction between the object and the reflected 
images ; — ^and the method of accomplishing this for objects 
at all distances, were fundamental points, in the combina- 
tion of plane mirrors, which, so far as I know, have never 
been investigated by any author. But even though a 
knowledge of these theoretical points had been obtained^ 
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numerous difficulties in the practical construction of the in- 
strument remained to be surmounted ; and it required no 
slight degree of labour and attention to enable the instru- 
ment to develop, in the most simple and efficacious manner, 
the various effects which, in theory, it was found susceptible 
of producing. 

As the combination of mirrors, described by Eircher and 
Bradley, had been long known to opticians, and had excited 
so little attention that they had even ceased to be noticed 
in works on optical instruments, it became neceasaiy to 
discover some other origin for the Kaleidoscope. The thir- 
teenth and fourteenth Propositions of Wood's Optics, and 
some analogous propositions in Harris's Optics^ were there- 
fore presumed to be an anticipation of the invention. Pro- 
fessor Wood gives a mathematical investigation of the num- 
ber and arrangement of the images formed by two reflectors, 
either inclined or parallel to each other. These theorems 
assign no position to the eye, or to the object, and do not 
include the principle of inversion, which is absolutely neces- 
sary to the production of symmetrical forms. The theorems, 
indeed, which have no connexion whatever with any instru- 
ment, are true, whatever be the position of the eye or the 
object ; and Mr. Wood has frankly acknowledged, " that 
the effects produced by the Kaleidoscope were never in his 
contemplation." ^ 

The propositions in Harris's Optics relate, like Professor 
Wood's, merely to the multiplication and circular arrange- 
ment of the apertures or sectors formed by the inclined 
mirrors, and to the progress of a ray of light reflected 
between two inclined or parallel mirrors ; and no allusion 

1 See Appendix, p. 186. 
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whatever is made, in the propositions themselves, to any 
instrument In the propositions respecting the multiplica- 
tion of the sectors, the eye of the observer is never once 
mentioned ; and the proposition is true, if the eye has an 
infinite number of positions ; whereas, in the Kaleidoscope, 
the eye can only have one position. In the other proposi- 
tion (Prop, xvn.) respecting the progress of the rays, the 
eye and the object are actually stated to be placed between 
the reflecUn^s ; and even if the eye had been placed with- 
out the reflectors, as in the Kaleidoscope, the position 
assigned it, at a great distance from the angular point, is 
a demonstration that Harris was entirely ignorant of the 
positions of symmeiry^ either for the object or the eye^ and 
could not have combined two reflectors so as to form a 
Kaleidoscope for producing beautiful or symmetrical forms.^ 
It is important also to remark, that all Harris's proposi- 
tions relate either to sectors or to small circular objects ; 
and that he supposes the very same effects to be produced 
when the inclination of the mirrors is an odd^ as when it 
is an even^ aliquot part of a circle. It is clear, therefore, 
that he was neither acquainted with the fundamental point 
in the theory of the Kaleidoscope, nor with any of its prac- 
tical effects. The omly practical part of Harris's proposi- 
tions is the fifth and sixth scholia to Prop. xvn. In the 
fifth scholium he proposes a sort of catoptric box, or cistula, 
known long before his time, composed of four mirrors, 
arranged in a most unscientific manner, and containing 
opaque objects between the speculums, " Whatever they 
are," says he, when speaking of the objects, " the upright 

1 See Chap. I. pp. 11, 12, where we have shown that Harris was not eT« ac- 
quainted with the way in whioh the last sector is formed by reflexion. 
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figures between the speculums should be slender, and not 
too many in number, otherwise they will too much obdrxict 
the reflected rays from coming to the eye.''' This shows, in 
a most decisive manner, that Harris knew nothing of the 
Kaleidoscope, and that he has not even improved the com- 
mon catoptric cistula, which had been known long before. 
The principle of inversion, and the positions of symmetry, 
were entirely unknown to him. In the sixth scholium, he 
speaks of rooms lined with looking-glasses, and of luminous 
amphitheatres, which were known even to the ancients, 
and have been described and figured by all the old writers 
on optics. 
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APPENDIX. 

Although I have no doubt that the observations con- 
tamed in the preceding Chapters are sufficient to satisfy 
every candid and intelligent person respecting the true 
nature of all the combinations of plane mirrors that pre- 
ceded the invention of the Boileidoscope, yet as there are 
many who are incapable, from want of optical knowledge, 
to understand the comparison which has been made between 
them, I shall here present the opinions of foiu- of the most 
eminent mathematicians and natural philosophers. 

The first of these is contained in a note from the late 
Professor Wood, Master of St. John's College, Cambridge, 
written in reply to a letter, in which I requested him to 
say, if he had any idea of the eflFecta of the Kaleidoscope 
when he wrote the thirteenth and fourteenth Propositions 
of his works on Optics. 

" St. John's, May 19, 1818. 
"Sir, — The propositions I have given relating to the 
number of images formed by plane reflectors, inclined to 
each other, contain merely the mathematical calculation of 
their number and arrangement. The effects prodiiced by 
the Kaleidoscope wet^e never in my (xmtemplation. My 
attention has for some years been turned to other subjects, 



Digitized by 



Google 



186 APPENDIX. 

and I regret that I have not time to read your Optical 
Treatise, which I am sure would give me great pleasure. — 
I am, Sir, your obedient humble servant, 

«J. Wood." 

The following is the opinion of the late celebrated Mr. 
James Watt : — 

" It has been said here," says Mr. Watt, " that you 
took the idea of the Kaleidoscope from an old book on 
gardening. My friend, the Eev. Mr. Corrie, has procured 
me a sight of the book. It is Bradley's Improvements of 
Planting and Gardening. London, 1731, Part II. Chap. I. 
It consists of two pieces of looking-glass, of equal bigness, 
of the figure of a long square, five inches long, and four 
inches high, hinged together upon one of the narrow sides, 
so as to open and shut like the leaves of a book, which, 
being set upon their edges upon a drawing, will show it 
multiplied by repeated reflections. This instrument I have 
seen in my father's possession seventy years ago, and fire- 
quently since, but what has become of it I know not. In 
my opinion, the application of the principle is very different 
from that of your Kaleidoscope." 

The following is the opinion of the late Mr. Playfair, 
Professor of Natural Philosophy in the University of 
Edinburgh : — 

"Edinburgh, May 11, 1818. 
" I HAVE examined the Kaleidoscope invented by Dr. 
Brewster, and compared it with the description of an in- 
strument which it has been said to resemble, constructed 
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by Bradley in 1717. I have also compared its effect with 
an experiment to which it may be thought to have some 
analogy, described by Mr. Wood in his Optics, Prop. xiii. 
and XIV. 

" From both these contrivances, and from every optical 
instrument with which I am acquainted, the Kaleidoscope 
appears to differ essentially, both in its effect and in the 
principles of its construction. 

"As to the effect, the thing produced by the Kaleido- 
scope is a series of figures presented with the most perfect 
symmetry, so as always to compose a whole, in which 
nothing is wanting and nothing redundant. It matters not 
what the object be to which the instrument is directed ; if 
it only be in its proper place, the effect just described is 
sure to take place, and with an endless variety. In this 
respect the Kaleidoscope appears to be quite singular among 
optical instruments. Neither the instrument of Bradley, 
nor the experiment or theorem in Wood's book, have any 
resemblance to this ; they go no further than the multipli- 
cation of the figure. 

" Next, as to the principle of construction. Dr. Brewster's 
instrument requires a particular position of the eye of the 
observer, and of the object looked at, in order to produce its 
effect. If either of these is wanting, the symmetry vanishes, 
and the figures are irregular and disunited. In the other 
two cases, no particular position,* either for the eye or the 
object, is required. 

" For these reasons. Dr. Brewster's invention seems to 
me quite unlike the other two. Indeed, as far as I know, 
it is quite singular among optical instruments ; and it will 
be matter of sincere regret, if any imaginary or vague ana- 
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logy, between it and other optical instruments, should be 
the means of depriving the Doctor of any part of the reward 
to which his skill, ingenuity, and perseverance, entitle him 
St) well. 

" John Playpaib, 

Professor of Natural Philosophy in 

the University of Edinburgh.'''' 

" P.S. — Granting that there were a resemblance between 
the Kaleidoscope and Bradley's instrument, in any of the 
particulars mentioned above, the introduction of coloured 
and movable objects, at the end of the reflectors, is quite 
peculiar to Dr. Brewster's instrument. Besides this, a cir- 
cumstance highly deserving of attention, is the use of two 
lenses and a draw-tube ; so that the action of the Kaleido- 
scope is extended to objects of all sizes, and at all distances 
from the observer, and united, by that means, to the 
advantages of the telescope. 

"J. P." 



Professor Pictet's opinion is stated in the following 
letter : — 

" Sm, — ^Among your friends, I have not been one of the 
least painfully affected by the shameful invasion of your 
rights as an inventor, which I have been a witness of lately 
in London. Not only none of the allegations of the in- 
vaders of your patent, grounded on a pretended similarity 
between your Kaleidoscope and Bradley's instrument, or 
such as Wood's or Harris's theories might have suggested, 
appear to me to have any real foundation ; but I can afl5rm, 
that, neither in any of the French, German, or Italian 
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authors, who, to my knowledge, have treated of optics, nor 
m Professor Charles's justly-celebrated and most complete 
collection of optical instruments at Paris, have I read or 
seen anything resembling your ingenious apparatus, which, 
from its numberless applications, and the pleasure it affords, 
and will continue to afford to millions of beholders of its 
matchless effects, * may be ranked among the most happy 
inventions that science ever presented to the lovers of 
rational eiyoyment 

" M. A. PiCTBT, 
ProfesBOT of Natural Philosophy in 
the Academy of Geneva.''* 

Those who wish to examine farther the ancient combina- 
tions of plane mirrors, and other subjects connected with 
the Kaleidoscope, are referred to the following works : — 

Baptista Porta's Magia Naturalis. Kircher's Ars Magrui 
LucU et Umbras, Schottus's Magia Univet^scdis NaturoB et 
Artis. Bradley's Treatise on Planting and Gardening, 
Harris's Treatise on Optics. Wood's Optics. Dr. Roget 
on the Kaleidoscope, in the Annals of Philosophy, vol. xi. 
p. 375. Encydopasdia Britannica, Art. Kaletooscope, by 
Dr. Roget ; and the Compte Rendu des Travatuc de LAca- 
dhnie de Dij(m, pour 1818, pp. 108-117. 
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Correspondence. By his Son. Fifth Edition, 8vo. 16a.; or, l\)pular 
Edition, Po8t8vo. 88. 6d. 
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BYRON'S (Lord) Life, Letters, and Joarnals. By Thomas Moorb. 
Plates. 6 Vols. Fcap. 8vo. 18». 

Life, Letters, and Journals. By Thomas Moore. Portrait 

and Vignette. O ne Volume, royal 8vo. 12«. 

Poetical Works. Library Edition. Portrait. 6 Vols. 

Demy 8vo. 46*. 

Poetical Works. Plates. 10 Vols. Fcap. 8vo. 30«. 

— Poetical Works. Portrait and Vignette. One Volume, 

royal Svo. lis. 

Poetical Works. One Compact Volume. For the use 

of Travellers. Portrait. Crown 8vd, 9*. 

Poetical Works. Pocket Edition. 8 Vols. 24mo. 20a Or 

s^aarately aa follows :—Ch\lde Harold, 1 Vol.; Di-amas, 2 Vols.; Tales 
and Poems, 1 Vol. ; MisceUaaies, 2 Vols.; Beppo and Don Juan, 2 Vols. 
2s. 6d, Each Volume. 



Childe Harold's Pilgrimage. Illustrated Edition. 

With 80 Vignettes. Crown Svo. 10«.6<;. 

Beauties. Poetry and Prose. Fcap. Svo. 3«. 



CALVIN'S (John) Life. With Extracts from his Correspondence. 
By Thomas H. Dtbb. Portrait. 8vo. 15s. 

CALLCOTT'S (Lady) Little Arthur's History of England. 

18th Edition. With 20 Woodcuts. Fcap. Svo. 2s. 6d. 

CARMICHAEL'S (A. N.) Greek Verbs. Their Formations, 
Irregularities, and Defects. Second JEdUion. Post Svo. Ss.Qd, 

CAKNABVON'S (Lord) Portugal, Gallicia, and the Basque 

Provinces. From Notes made during a Journey to those Countries. 
Utird Edition. Post Svo. 6s. 

CAMPBELL'S (Lord) Lives of the Lord Chancellors and Keepers 
of the Great Seal of Fingland. From the Earliest Times to the Death of 
Lord Eldon in 1838. 4th Edition. 10 Vols. Crown Svo. 6s. each. 

Life of Lord Bacon. Eeprinted from the Liyes of 

the Chancellors. Fcap. Svo. 2s. 
Lives of the Chief Justices of England. From the 

Norman Conquest to the Death of Lord Mansfield. 2 Vols. Svo. dOs. 
Lives of Lords Kenyon, Ellenborough, and Tenterden, 

Forming the Third Volume of the " Lives of the Chief Justices of 

England." Svo. 

(Gborob) Modem India. A Sketch of the System 

of Civil Government With some Account of the Natives and Native 
Institutions. Second Edition. Svo. 16s. 

— India as it may be. An Outline of a proposed 

Government and Policy. Svo. 12a. 

(Thos.) Short Lives of the British Poets. With an 



Essay on English Poetry. Post Svo. 6s. 

CASTLEKEAGH (The) DESPATCHES, from the commencement 
of the official career of the late Viscount Castlereagh to the dose of bis 
life. Edited'by the Marquis OF LoNDONDEBET. 12 Vols. Svo. 14tf.each. 
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CATHCARTS (Sib Gsorgb) Commentaries on the War in Russia 

and Gennanf, 1812-13. Plans. 8to. lis. 



Military Operations in Kaffraria> which led to the 

Tenninatlon of the Kaffir War. 8vo. 12». 

CAVALCASBLLB (G.B.) Notices of the Early Flemish Painters , • 
Their Livetf and Works. Woodcuts. PostSvo. 12f. 

CHARMED ROE (Thb) ; or. The Story of the Little Brother and 
Sister. B7 Orro Spscktxb. Plates. 16mo. 6«. 

CLARENDON (Lobd Chancbllob) ; Lives of his Friends and 
Contemporaries, illustrative of Portraits in his Gallery^ By Lady 
Thkbbsa Lewis. Portraits. 8 Vols. 8vo. 42a. 

CLAUSEWITZ'S (Cabl Voh) Campaign of 1812, in Russia. 
Translated firom the German by LoBO ELLBSMBaB. Map. 8to. 10».6d. 

OLIVE'S (Loan) Life. By Rbv. G. R. Glbig, M. A. PostSvo. 6*. 

COLERIDGE (Samubl Taylor). Specimens of his Table-Talk. 
Fourth Bdition. Portrait Fcap. 8yo. 68. 

(Hbitbt Nblson) Introductions to the Study of 

the Greek Classic Poets. Third Edition. Fcap. 8yo. 6s. 6d. 

COLONIAL LIBRARY. [See Home and Colonial Library.] 

COMBER'S (Dbah) Friendly Advice to the Roman Catholics 
of England. By Rev. Dr. Hook. Fcap.Svo. Ss. 

COOKERY (Domestic). Founded on Principles of Economy and 
Pi'actieal^ Knowledge, and adapted for Priyate Families. New Edition. 
Woodcuts. Fcap. 8vo. 6». 

CORNWALLIS (Thb) PAPERS. Being the PubUc and Private 

Correspondence of Charles, Marquis Comwallis, during the American 
War,— his two Administrations In India,— the Union with Ireland, and 
the Peace of America. From Papers in possession of the Family, 
&c. Edited by Chablbs Ross. 2 Vols. 8vo. In Preparation, 

CRABBE'S (Rbv. Gbobgb) Life, Letters, and Journals. By his Son. 
Portrait. Fcap. 8vo. 3*. 

Life, Letters, Journals, and Poetical Works. Plates. 

8 Vols. Fcap. 8vo. 24«. 

Life, Letters,' Journals, and Poetical Works. 



Plates. One Volume. Royal 8vo. 10s. 6d, 
CRA1K*S (G. L.) Pursuit of Knowledge under Difficulties. 

New Edition. 2 Vols. Post 8vo. 

CUMMING'S (R. GoanoN) Five Years of a Hunter's Life in the Far 
Interior of South Afirica. M/ih Edition. Woodcuts. PostSvo. 63. 

CURZON'S (Hob. Robert) Visits to the Monasteries of the Levant. 
Fourth Edition. Woodcuts. Post8yo. 15«. 

Abmbnia and Erzeroum. a Year on the Frontiers 

of Russia, Tnrkey, and Persia. Third Edition. Woodcuts. Post 8vo. 
7s. ed. 
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CUNNINGHAM'S (Aiia») Life of Sir David Wilkie. With Wg 
• Journals and Critical Remarks on Works of Art. Portrait. 8 Vols. 
8vo. 428. 

Poems and Songs. Now tint collected apd 

arranged, with Biographical Notice. 24mo. 2«. 6d. 

(Capt. J. D.) History of the Sikhs. Prom 



the Origin of the Nation to the Battle of the Sutlcij. Seamd Editum. 
Maps. 8vo. 158. 

(Pbteb) London — Past and Present. A Hand- 
book to the Antiquities, Curiosities, Churches, Works of Art, Public 
Buildings, and Places connected witli interesting and historical asso- 
ciations. Second Edition. PostSvo. 16«. 



Modem London. A complete Guide for 

Visitors to the Metropolis. Map. 16mo. 5*. 

Westminster Abbey. Its Art, Architecture, 



and Associations. Woodcuts. Fcap.Svo. U. 

Works of Oliver Goldsmith. Edited with 



Notes. Vignettes. 4 toIs. 8to. 80«. (Murray's British Classics.) 

Lives of Eminent English Poets. By Samuel 

JoHNSOX, LL.D. Edited with Notes. 8 vols. 8vo. 22«.6d. (Murray's 
British Clasdics.) 

CROKER'S, (Right How. J. W.) Progressive Geography for Children. 

Fifth Edition. 18mo. U.6d. 

Stories for Children, Selected from the History of 

England. M/teenth Edition. Woodcuts. 16mo. 2«.6d. 

Boswell's Life of Johnson. Including the Tour to the 

Hebrides. Third Edition. Portraits. Royal 8vo. 16*. 

Lord Hekvbt's Memoirs of the Reign of George the 

Second, fit)m his Accession to the death of Queen Caroline. Edited 
with Notes. Second Edition. Portrait. 2 Vols. 8vo. 21s. 

Historical Essay on the Guillotine. Fcap. 8vo. la, 

CROMWELL (Oliver) and John Bunyan. Select Biographies. 
By Robert Southet. Post 8to. 2«. 6d. 

CROWE'S (J. A.). Notices of the Early Flemish Painters ; Their 

Lives and Works. Woodcuts. PostSvo. 12«. 
DARWIN'S (Charles) Journal of Researches into the Natural 

History and Geology of the Countries visited during a Voyage round the 

World. Post 8vo. Sa. 6d. 

DAVY'S (Sir Humphry) Consolations in Travel; or. Last Days 
of a KiUosopher. F^thEdiHon. Woodcuts. Fcap.Svo. 6«. 

Salmonia; or, Days of Fly Fishing. With some Account 

of the Habits of Fishes belonging to the genus Salmo. Fourth EdiUon, 
Woodcuts. Fcap. 8vo. 6*. 

DENNIS* (Gborqe) Cities and Cemeteries of Etruria; or, the 
extant Local Remains of Etruscan Art Plates. 2 Vols. 8vo. 42». 

DEVEREUX'S (Hon. Capt., R.N.) Lives and Letters of the Devereux 
Eails of Essex, in the Reigns of Elizabeth, James I., and Charles I., 
1640—1646. Chiefly from unpublished documents. Portraits. 2 Vols. 
8to. 30s. 
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DODGSOITS (RiT. C.) ControTeny of Faith ; or, Advioe to Gandi- 
dates for Holy Orders. Contamint; an Anslfsis and Exposition of the 
Argument by which the Catholic Interpretation of the Baptismal Services 
is to be yincUeated. 12mo. 8«. 

DOG^BREAKING ; the MoBt Expeditious, Certain, and Easy 

Method, whether great excellence or only mediocrity be required. By 
LiBiTT.-CoL. HuTCHiNSOx. TMrd Edition. Revised and enlaiged. 
Woodents. Post 8vo. 9«. 

DOMESTIC MODERN COOKERY. Pounded on Principles of 
Eo<^omy and Practical Knowledge, and adapted for Private Families. 
NewBditlan. Woodcuts. Fcap.Svo. 6s, 

DOUGLAS'S (General Sir Howard) Treatise on the Theory 

and Practice of Gunnery. Fourth Edition. Plates. 8vo. 21«. 

Treatise on the Principle and Construction of Military 

Bridges, and the Passage of Rivers in Military Operations. Third 
Edition. Plates. 8vo. 21«. 

DRAKE'S (Sir Francis) Life, Voyages, and Exploits, by Sea and 
Land. By Johk Barbow. Third Edition. Post 8vo. 28. 6dL 

DRINKWATBR'S (John) ffiatory of the Siege of Gibraltar, 
1770-1783. With a Description and Account of that Garrison from the 
Earliest Periods. PostSvo. 28.60. 

DRYDEN'S (John) Works. A New Edition, based upon Sir 
Walter Scott's Edition, entirely revised. 8vo. In Preparation. 

DUDLEY'S (Earl of) Letters to the late Bishop of LUinda£ 

Second Edition. Portrait 8vo. 10a. 6d. 
DURHAM'S (Admiral Sir Philip) Naval Life and Services. By 

Capt. Alsxakdeb Muubat. 8vo. 6s. 6d. 
DYER'S (Thomas H.) Life and Letters of John Calvin. Compiled 

Ax)m authentic Sources. Portrait. 8vo. 16s. 

EASTLAKE (Sir Charles) The Schook of Painting in Italy. 
From the Earliest times. From the German of Kuglbe. Edited, with 
Notes. Third Edition. Illustrated with 100 Engravings from the Old 
Masters. 2 Vols. PostSvo. SOt. 

EDWARDS* (W. H.) Voyage up the River Amazon, including a 
Visit to Para. PostSvo. 28. 6d. 

EGERTON'S (Hoar. Capt. Francis) Journal of a Winter's Tour in 
India; witha VUittoNepaul. Woodcuts. 2 Vols. Post Svo. 18». 

ELDON'S (Lord Chancellor) Public and Private Life, with Selec- 
tions from his Correspondence and Diaries. By Horacb Twiss. Third 
Edition. Portrait 2 Vols. Post Svo. 21«. 

ELLESMERE'S (Lord) Two Sieges of Vienna by the Turks. 
Translated from the German. Post 8vo. 28. 6d. 
— — _ Second Campaign of Radetzky in Piedmont. 
The Defence of Temeswar and the Camp of the Ban. From the German. 
Po8t8vo. 68. 6d. 

Life and Character of the Duke of Wellington ; 

a Discourse. Fcap. Svo. 6d. 
Campaign of 1812, in Russia, from the German 

of General Carl Von Clausewitz. Map. Svo. 10s. 6d. 

Pilgrimage, and other Poems. Illustrated. 

Crown 4to. 24*. 
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ELIOTS (Hon. W. G. C.) Khans of the Crimea. Being a Kar- 
rative of an Embassy from Frederick the Great to the Court of Krim 
Gerai. Translated from the German. Post 8vo. 6«. 

ELLIS (Mrs.) On the Education of Character, with Hints on Moral 
Training. PostSvo. 7*.6rf. 

ELPHINSTONE'S (Hon. Mountstuart) History of India— the 
Hindoo ahd Mahomedan Periods. Third Edition. Map. Svo. 18a, 

ELWIN'S (Rbv. W.) LiTjBS of Eminent British Poets. From 
Chaucer to Wordsworth. 4 Vols, Svo. In Preparation. 

ENGLAND (History of) from the Peace of Utrecht ta the Peace 

of Versailles, 1713—83. By Lord Mahok. Library Edition^ 7 Vols. 
8vo, 93«. ; or, Popular Edition, 7 Vols. i:*ost 8yo, 42<. 

Prom the First Invasion by the Romans, 

down to the 14th year of Queen Victoria's Reign. By Mbs. Mabkham. , 
98thEdiiim. Woodcuts. 12mo. 6«. 

As IT is; Social, Political, and Industrial, in the 

Middle of the 19th Century. By W. Johnston. 2 Vols, Post Svo. 18». 

and ' France under the House of Lancaster. 

Witii an Introductory View of the Early Beformation. Second EdiHon. 
Svo. 16». 

ENGLISHWOMAN IN AMERICA. Post Svo. 10«. 6d, 

RUSSIA: or. Impressions of Manners 

and Society during^a Ten Years' Residence in that Country. F{fth 
Thousand. Woodcuts. Post Svo. 10s. 6d. 

ERSKINE'S (Capi., R.N.) Journal of a Cruise among the Islands 
of the Western Pacific, including the Fejees, and others inhabited by 
the Polynesian Negro Races. Plates. Svo. 16s, 

ESKIM AUX (The) and English Vocabulary, for the use of Travellers 
in the Arctic Regions. 16mo. 3s. 6d, 

ESSAYS FROM "THE TIMES." Being a Selection from the 
LiTBBABT Papkbs whlch have appeared in that JoumaL 7th Thousand. 
2 vols. Fcap.Svo. 8s. 

EXETER'S (Bishop or) Letters to the late Charles Butler, on the 
Theological parte of his Book of the Roman Catholic Church; with 
Remarks on certein Works of Dr. Milner and Dr. Lingard, and on some 
parte of the Evidence of Dr. Doyle. Second Edition, Svo. 16s. 

FAIRY RING (The), A Collection of Tales and Stobies for Young 
Persons. From the German. By J. £. Taylob. Illustrated by Richaad 
DoYLB. Second Edition. Fcap. Svo. 

FALKNER'S (Fred.) Muck Manual for the Use of Farmers. A 
Treatise on the Nature and Value of Manures. Second Edition, with a 
Glossary of Terms and an Index. Fcap. Svo. 5s. 

FAMILY REOEIPT-BOOK. A Collection of a Thousand Valuable 
and UseM Receipte. Fcap. Svo. 5s. 6d. 

FANCOURT'S (Col.) History of Yucatan, from its DiscoTcry 
to the Close ofthe 17th Century. With Map. Svo. 10s. 6d, 

FARINI'S (LuiGi Carlo) History of the Roman State, 1815-50. 
Translated from the Itelian. By Right Hon. W. E. Gladbtoks. 
4 Vols. Svo. 12«. each.] 
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FEATHERSTONH AUGH'S (G. W.) Tour through the Slave States 
of North America, from the River Potomac, to Texas and the Frontiers 
•f Mexico. Plates. 2 Vols. 8vo. 268. 

FEU.OWS' (Sib Charles) Travels and Researches in Asia Minor, 
more particularly in the Province of Lycia. New £ditum. Plates. Post 
8vo. 9*. 

FBRGUSSON'S (James) Palaces of Nineveh and Persepolis 
Restored : an Essay on Ancient Assyrian and Persian Architecture. 
With 46 Woodcuts. 8to. i6s. 



Handbook of Architecture. Being a 

Concise and Popular Account of the Different Styles prevailing in all 
Ages and Countries in the World. With a Description of the most 
remarkable Buildings. With 860 Illustrations. 2 Vols. 8vo. 868, 

FERRIER'S (T. P.) Caravan Journeys in Persia, Affghanistan, 
Herat, Turkistan, and Beloochistan, with Descriptions of Meshed, Balk, 
and Candahar, and Sketches of the Nomade Tribes of Central Asia. 
Second Edition. Map. 8vo. 21«. 

FEUERBACH'S Remarkable German Crimes and Trials. Trans- 
lated from the German by Lady Duff Gobdon. 8vo. 12«. 

FISHER'S (Rev. Gborob) Elements of Geometry, for the Use of 

Schools. ThirdEdition. 18mo. 

First Principles of Algebra, for the Use of Schools. 

Third Edition. 18mo. 

FLOWER GARDEN (The). An Essay reprinted from the 
" Quarterly Review." Fcap. 8vo. U. 

FORD'S (Richard) Handbook for Spain, Andalusia, Ronda, Valencia. 
Catalonia, Granada, Gallicia, Arragon, Navarre, dtc. Third Edition. 
2 Vols. PostSvo. S0«. 

Gatherings from Spain. Post 8vo. 6*. 

FORSYTH'S (William) Hortensius, or the Advocate : an Historical 
Essay on the Office and Duties of an Advocate. Post 8vo. 12«. 

History of Napoleon at St. Helena. From the 

Letters and Journals of Sib Hupsok Lows. Portrait and Maps. 8 Vols. 
8vo. 468. 

FORTUNE'S (Robert) Narrative of Two Visits to China, between 
the years 1848-52, with full Descriptions of the Culture of the Tea 
Plant. ThirdEdition. Woodcuts. 2 Vols. PostSvo. 18». 

FRANCE (History of). From the Conquest by the Ganis to the 
Death of Louis Philippe. By Mrs. Mabkham. AOth Thou8and. Wood- 
cuts. 12mo. 6«. 

FRENCH (The) in Algiers ; The Soldier of the Foreign Legion— 
and the Prisoners of Abd-el-Kadir. Translated by Lady Duff Gosdok. 
Post 8vo. 28. 6d. I 

GALTON'S (Francis) Art of Travel ; or, Hints on the Shifts and 
Contrivances available in Wild Countries. Second Edition. Wood- 
cuts. Post 8vo. 68. 

GEOGRAPHICAL (The) Journal. Published by the Royal Geo- 
graphical Society of London. 8vo. 
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GERMANY (Histobt of). Prom the Invasion by Marius, to the 
present time. Ontheplanof Mrs. Mabkham. dthThouaaruL Woodcuts. 
• IQmo. 6«. 

GIBBON'S (Edward) Decline and Fall of the Roman Empire. A 
Nsw Edition. Preceded by his Antobiogniphy. Edited with Notes 
byDr. Wm. Smith. Maps. 8 Vols. Sro. 60«. 

The Student's Gibbon; Being the History of the 

Decline and Fall, Abrid^, incorporAting the Researches of Recent 
Commentators. By Dr. Wm. Smith. Woodcuts. Post 8vo. 7s.Qd, 

GIPFARD*S (Edward) Deeds of Naval Daring; or. Anecdotes of 
the British Nary. 2 Vols. Fcap. Sro. 

GISBORNE'S (Thomas) Essays on Agricultnre. Third Edition. 
Post Svo. ' 

GLADSTONE'S (W. E.) Prayers arranged from the Liturgy for 
Family Use. Second Edition. 12mo. 28. 9d, 

History of the Roman State. Translated from the 

Italianof LuiGi Cablo Fabini. 4 Vols. Svo. 12«.each. 

GOLDSMITH'S (Oliver) Works. A New Edition. Printed from 
the last editions revised by the Author. Edited by Fbtkb Guxniho- 
HAM. Vignettes. 4Vols.8vo. 30«. (Murray's British Classics.) 

GLEIG'S (Rbv. G. R.) Campaigns of the British Army at Washing- 
ton and New Orleans. PostSvo. 2t.6d. 

Story of the Battle of Waterloo. Compiled from Public 

and Authentic Sources. Post Svo. 6«. 

Narrative of Sir Robert Sale's Brigade in Afghanistan, 

with an Account of the Seizure and Defence of Jellalabad. Post Svo. 2s. 6d. 

Life of Robert Lord Clive. Post Svo. 5s, 

Life and Letters of General Sir Thomas Hunro. Post 

Svo. 6*. N 



GORDON'S (Sir Alsz. Dufv) Sketches of German Life, and Scenes 
« from the War of Liberation. From the German. Post Svo. 69. 

(Ladt Du?f) Amber- Witch : the most interesting 



Trial for Witchcraft ever known. From the German. Post Svo. 2s. dd. 

French in Algiers. 1. The Soldier of the Foreign 

Legion. 2. The Prisoners of Abd-el-Kadir. From the French. 
Post Svo. 2s. 6d. 

Remarkable German Crimes and Trials. From the 

German of Fuerl>ach. Svo. 12s. 

GOSPEL STORIES FOR CHILDREN. An Attempt to render the 
Chief Events of the Life of Our Saviour intelligible and profitable. 
Second EditioH. ISmo. 3s. 6d. 

GRANT'S (Asahsl) Nestorians, or the Lost Tribes ; containing 
Evidence of their Identity, their Manners, Customs, and Ceremonies ; 
with Sketches of Travel in Ancient Assyria, Armenia, and Mesopotamia ; 
and lUustrationB of Scripture Prophecy. Third Edition. Fcap. Svo. 6s. 

GRENVILLE (The), PAPERS. Being the PabUc and Private 
Correspondence of George Grenville, his Friends and Contemporari^ 
during a period of 80 years. — Including his Diabt of Political 
Events while First Lord of the Treasury. Edited, with Notes, by 
W.J.Smith. 4 Vols. Svo. 16«. each. ' 
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GREEK GRAMMAR FOR SCHOOLS. Abridged from MattMee. 
By the Bibhop of London. Eighth EdUum, reyiaed by Rev. J. Edwabds. 
12mo. S$. 

GRETS (Sib Gkobgb) Polynesian Mythology, and Ancient 
Traditional Higtory of the New Zealand Race. Woodcnts. Post 
8to. 10*. 6d, 

GROTE'S (Geokoe) Hiatory of Greece. From the Earliest Times 
to the close of the generation contemporary with the death of Alexander 
the Great. Maps and Index. 12yols. 8to. 16«.each. 

GROSVENOR'S (Lord Robert) Leaves from my Journal during 
the Summer of 1851. Second Edition. Plates. PostSvo. 85.6<Z. 

GURWOOD'S (Cot.) Despatches of the Duke of Wellington during 
his various Campaigns. Compiled from Official and Authentic Docu- 
ments. New Edition. 8 vols. 8vo. 21«.each. 

Selections from the Wellington Despatches, 

and General Orders. New Edition. 8vo. 18s. 

Speeches in Parliament of the Duke of 



Wellington. 2 Vols. 8vo. 428. 
OrSTAVUS YASA (History of), King of Sweden. With Extracts 

fh>m his Correspondence. Portrait. 8vo. lOa.Qd. 

HALLAM'S (Henry) Constitutional History of England, from the 
Accession of Henry the Seventh to the Death of George the Second. 
Swmth Edition. 3 Vols. 8vo. 30». 

_- — History of Europe during the Middle Ages. 

Tenth Edition. 3 Vols. 8vo. 80*. 

__- ^ — — Introduction to the Literary History of Eul-ope, during 
the 16th, 17th, and 18th Centuries. Fourth Edition. 8 Vols. 8vo. 36». 

Literary Essays and Characters. Selected from the 



last work. Fcap. 8vo. 
Historical Works; Complete and Uniform Edition. 

10 Vols. Post8vo. 6«.each. » 

HAMILTON'S (James) Wanderings in Northern Africa, Benghazi, 

Cyrene, the Oasis of Siwah, &c. Woodcuts. Post 8vo. 12». 

(Walter) Hindostan, Geographically, Statistically, 

and HistoricaUy. Map. 2 Vols. 4to. 9A».Qd. 

(W. J.) Researches in Asia Minor, Pontus, and 



Armenia ; with some Account of the Antiquities and Geology of those 
Countrieis. Plates. 2 Vols. 8vo. 88». 

HAMPDEN'S (Bishop) Essay on the Philosophical Evidence of 
Christianity, or the Credibility obtained to a Scripture Revelation 
fh>m its Coincidence with the Facts of Nature. 8vo. 9«. Qd, 

HARCOURT'S (Edward Yernon) Sketch of Madeira; with Map 
andPUtes. Post8vo. 8«.6d. 

HART'S ARMY LIST. (Quarterly andAnrmaUy.) 8to. 7«. 6d 
and 20«. each. 

HAT'S (J. H. DRrMMoirD) Western Barbaty, its wild Tribes and 
savage Animals. PostSvo. 2*.6(?. 
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HAND-BOOKS (MURRAY'S) ; TRAVEL-TALK; or, Oonvers&tions 

in English, German, Frendi, and Italian. 18mo. 8«. 6d. 
NORTH GERMANY—HoLLAHD, Belohtm, and 

the Rhine to Switzerland. Map. Post 8vo. 9s. 
SOUTH GERMANY— Bavaria, Austria, Salzberg, 

the Anstrian and Bavarian AIpe, the Tyrol, and the Danube, from Ulm 

to the Black Sea. Map. Post avo. 98. 

SWITZERLAND— the Alps of Savoy, and Piedmont. 

Maps. Post 8vo. 7«. 6d. 
PRANCE— Normandy, Brittany, tlie French 

Alps, the Rivers Loire, Seine, Rhone, and Garonne, Dauphin^, Provence, 

and the Pyrenees. Maps. Post 8vo. 9«. 

SPAIN — Andalusia, Ronda, Granada, Valencia, 



Catalonia, Gallicia, Arragon, and Navarre. Maps. 2 Vols. Post 8vo. 80«. 
PORTUGAL, LISBON, &c. Map. Post 8vo. 98. 

PAINTING — the German, Dutch, Spanish, and 

French Schools. From the German of Kdolkr. Edited by Sib 
Edmund Hkad. Woodcuts. 2 Vols. Post 8vo. 24t. 

NORTH ITALY— Florence, Sardinia, Genoa, the 



Riviera, Venice, Lombardy, and Tuscany. Map. Post 8vo. 2 Vols. 12*. 
CENTRAL ITALY— South Tuscany and the 



Papal States. Map. Post 8vo. 7s. 
. ROME— AND ITS^ ENVIRONS. Map. Post 

8vo. 7*. 

SOUTH ITALY— Naples, Pompeii, Herculaneum, 

Vesuvius, &c. Map. PostSvo. 10«. 

- -^ PAINTING— the Italian Schools. From the Ger- 
man of KuoLBB. Edited by Sir Chablks Eastlake. Woodcuts. 2 
Vols. Post 8vo. 30*. 

PICTURE GALLERIES OP ITALY. Being a 
short Biographical Dictionary of Italian Painters. With a Chart. Post 
8vo. 68. td. 

- GREECE— the Ionian Islands, Albania, Thessaly, 
and Macedonia. Maps. Post 8vo. 15*. 

TURKEY — Malta, Asia Minor, Constantikople, 

Armenia, Mesopotamia, &c. Maps. Post 8vo. 10*. 

EGYPT— Thehes, the Nile, Alexandria, Cairo, 

the Pyramids, Mount Sinai, &c. Map. Post 8vo. 15*. 

DENMARK — Norway and Sweden. Maps. Post 



8vo. 12*. 

RUSSIA — Thb Baltic and Finland. Maps. Post 

8vo. 12*. 

LONDON, Past and Prssbnt. Being an Alpha- 
betical Account of all the Antiquities, Curiosities, Churches, Works 
of Art, Places, and Streets connected with Interesting and Historical 
Associations. Post 8vo. 16*. 



MODERN LONDON. A Guide to all objects 

of interest in the Metropolis. Map. 16mo.6*. 

ENVIRONS OF LONDON. Including a Circle of 



80 Miles round St. Panl% Maps. PostSvo. (In prepartai<nL) 
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HANDBOOKS (MURRAY'S); DEVON AND CORNWALL. 

Maps. P<wt8vo. 68, 

WILTS, DORSET, AND SOMERSET. Map. Post 

8vo. St. 

BRITISH MUSEUM ; its Ahtiqvitiks akd Scitlp- 



TUBS. New MdUimi. Woodeata. PostSvo. 



WESTMINSTER ABBEY— ita Art> Architecture, 



and Associations. 'Woodcuts. i6mo. U. 
PARIS. PostSvo, 



INDIA. Post 8vo. 

CATHEDRALS OF ENGLAND. Post 8vo. In 

Preparatiom. 

CHURCH AND STATE. Giving an Historical 



Account of the Duties attadied to the various Civil and Ecclesiastical 
Departments of the Government FostSvo. 6$. 



FAMILIAR QUOTATIONS. Chiefly from English 

Authors. A New Edition, with an Index. Fcap. 8vo. 6s, 

ARCHITECTURE. Being a Concise and Popular 

Account of the Different Styles prevailing in all Ages and Countries 
By James Fbboussok. With 850 Illustrations. 2 Vols. 8vo. dd5. 

ARTS OP THE MIDDLE AGES AND RE- 



naissanoe. By M. Jules Labarte. With 200 Illustrations. 8vo. 18*. 

HEAD'S (Sib Fbanois) Rough Notes of some Rapid Journeys across 
the Pampas and over the Andes. Post 8vo. 2a. 6<L 

Descriptive Essays : contributed to the *' Quarterly 



Review." 2 Vols. Po8t8vo. 18». 



■ Bubbles from the Brunnen of Nassau. By an Old Mah. 



Sixth EdUim. 16mo. 6s. 
Emigrant. Sixth Edition, Fcap. Svo. 2«. Sd. 



London and North- Western Railway. Post 8vo. 2«. Sd, 

Defenceless State of Great Britain. Contents — 1. Mili- 
tary Warfare. 2. Naval Warfare. 8. The Invasion of England. 4. The 
Capture of London hy a French Army 6. The Treatment of Women 
in War. 6. How to Defend Great Britain. Post 8vo. 12«. 

Sketches of Paris, or Faggot of French Sticks. 

New Edition. 2 Vols. PostSvo. Vis. 

Fortnight in Lreland. Second Edition, Map. 8yo. 12^ 

-(Sib Giobgb) Forest Scenes and Incidents in Canada. 

Second BditioH, Po8t8vo. 10s, 

' Home Tour through the Manu&cturing Districts of 

England, Scotland, and Ireland, including the Channel Islands, and the 
Isle of Man. Third Edition. 2 Vols. Po6t8vo. 12«. 

' (Sib Edmund) Handbook of Painting — ^the German, 

Dutch, Spanish, and French Schools. Partly from the German of 
KuoLBK. With Illustrations. 2 Vols. Post 8vo. 2is. 

Shall and Will ; or, Tiro Chapters on Future Auxiliary 



Verhs. Fcap. 8vo. 8s, 
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HEBER (Bishop) Parish Sermons; on the Lessons, the Gospel, 

or the Epistle, for every Sunday in the T' — - - 

Sixth EdUioH, 2 Vols. PostSvo. 168. 



or the Epistle, for every Sunday in the Year, and for Week-day Festiyals. 



9s. ed. 



Sermons Preached in England. Second Edition. 8to. 



— - Hymns written and adapted for the weekly Church 
Service of the Year. Twelfth Edition. 16mo. 2s. 

Poetical Works. Fifth Edition. Portrait. Fcap. 8vo. 



78. Bd. 

Jonmey through the Upper Provinces of India, From 

Calcutta to Bombay, with a Journey to Madras and the Southern Pro- 
ylnces. 2 Vols. Post 8vo. 10s. 

HEIRESS (The) in Her Minority; or, The Progress of Character. 
By the Author of " Bbstha's Joubnal." 2 Vols. 12mo. 18*. 

HERODOTUS. A New English Version. Translated from the 
Textof Gaibford, and Edited with Notes, illustrating the History and 
Oeography of Herodotus, from the most recent sources of information. 
By Rev. G. Rawlinson, Colonel Rawumson, and Sm J. G. Wilkivbon. 
4 Vols. 8vo. In I^eparation. 

HERSCHEL'S (Sib J. W. P.) Manual of Scientific Enquiry, for the 
UseofTrayellers. By various Writers. Second Edition. PostSvo. lOs.Bd. 

HERVBY*S (Lord) Memoirs of the Reign of George the Second, 
from his Accession to the Death of Queen Caroline. Edited, with Notes, 
by Right Hon. J. W. Cbokbb. Second and Cheaper Edition. Portrait. 
2Vols.8vo. 21a. 

HICKMAN'S (Wm.) Treatise on the Law and Practice of Nayal 
Courts Martial. 8vo. 10«. 6d. 

HILL (Fbbusbio) On Crime : its Amount, Causes, and Remedies. 
8vo. 12*. 

HILLARD'S (G. S.) Six Months in Italy. 2 Vols. PostSvo. 168. 

HISTORY OP ENGLAND AND FRANCE under the House 
0¥ Lanoasteb. With an Introductory View of the Early Reformation. 
Second Edition. Svo. 168. 

HOLLAND'S (Ret. W. B.) Psalms and Hymns, selected and 
adapted to the various Solemnities of the Church. Third Edition. 24mo. 
U.8d. 

HOLLW AY'S (J. G.) Month in Norway. Fcap. Svo. 2«. 

HONEY BEE (The). An Essay. Reprinted from the "Quar- 
terly Review." Fcap. Svo. 1«. 

HOOK'S (Rev. Db.) Church Dictionary. Seventh Edition. Sto. 168. 

Discourses on the Religious Controyersies of the Day. 

8vo. 98. 

(Theodore) Life. An Essay. Reprinted from the "Quarterly 

Review." Fcap. Svo. 1*. 
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HOME AND COLONIAL LIBBARY. Complete in 76 Parts. 
Post 8to^ 28. 64. each, or bound in 37 Volumes, cloth. 

COMTBNTS OF THB SERIES. 

THE BIBLE IN SPAIN. By Georob Borrow. 

JOURNALS IN INDIA. By Bishop Uebbr. 

TRAVELS IN THE HOLY LAND. By Gaptaiks Irbt and Mavoles. 

THE SIEGE OF GIBRALTAB. By Johh Dbikkwatbb. 

MOROCCO AND THE MOORS. By J. Drummond Hat. 

LETTERS FROM THE BALTIC. By a Laot. 

THE AMBER-WITCH. By Lady Duff Gordoit. 

OLIVER CROMWELL A JOHN BUNYAN. By Robert Southet. 

NEW SOUTH WALES. By Mrs. Meredith. 

LIFE OP SIR FRANCIS DRAKE. By Johh Barrow. 

FATHER RIPA'S MEMOIRS OF THE COURT OF CHINA. 

A RESIDENCE IN THB WEST INDIES. By M. G. Lewis. 

SKETCHES OF PERSIA. By Sir John Malcolm. 

THB FRENCH IN ALGIERS. By Ladt Duff Gordok. 

BRAOEBRIDGE HALL. By WashikotOn Irving. 

VOYAGE OP A NATURALIST. By Charles Darwin. 

HISTORY OF THE FALL OF THE JESUITS. 

LIFE OF LOUIS PRINCE OF CONDE. By Lord Mahon. 

GIPSIES OF SPAIN. By George Borrow. 

THB MARQUESAS. By HsRiCAinr Mbltille. 

LIVONIAN TALES. By a Lady. 

MISSIONARY LIFE IN CANADA. By Rev. J. Abbott. 

SALE'S BRIGADE IN AFFGHANISTAN. By Rev. G. R. Gleio. 

LETTERS FROM MADRAS. By a Lady. 

HIGHLAND SPORTS. By Charles St. John. 

JOURNEYS ACROSS THE PAMPAS. By SirF. B. Head. 

GATHERINGS FROM SPAIN. By Richard Ford. 

SIEGES OF VIENNA BY THE TURKS. By Lord Ellesuebe. 

SKETCHES OF GERMAN LIFE. By Sir A. Gordon. 

ADVENTURES IN THE SOUTH SEAS. By Hermann Melville. 

STORY OF BATTLE OF WATERLOO. By Rev. G. R. Gleio. 

A VOYAGE UP THE RIVER AMAZON. By W. H. Edwards. 

THE WAYSIDE CROSS. By Capt. Milman. 

MANNERS & CUSTOMS OF INDIA. By Rev. C. Acland. 

CAMPAIGNS AT WASHINGTON. By Rev. G. R. Gleig. 

ADVENTURES IN MEXICO. By G. F. Ruxton. 

PORTUGAL AND GALLICIA. By Lobd Carnarvon. 

LIFE OF LORD CLIVE. ,By Rbv. G. R. Gleig. 

BUSH LIFE IN AUSTRALIA. By H. W. Hatoabth. 

THE AUTOBIOGRAPHY OF HENRY STEFFENS. 

TALES OP A TRAVELLER. By Washington Irving. 

SHORT LIVES OF THE POETS. By Thomas Campbell. 

HISTORICAL. ESSAYS. ByLoRDMAHON. 

LONDON & NORTH-WESTERN RAILWAY. By Sir F. B. Head. 

ADVENTURES IN THE LIBYAN DESERT. By Baylb St. John. 

A RESIDENCE AT SIERRA LEONE. By a Lady. 

LIFE OF GENERAL MUNRO. By Rkv. G. R. Gleio. 

MEMOIRS OF SIR POWELL BUXTON^ By bis Son. 

LIFE OF OLIVER GOLDSMITH. By WASHnrGTON Irving. 



Digitized by 



Google 



PUBLISHED BY MR. MURRAY. 19 



HOOKER'S (Dr. J. D.) Himalayan Journals ; or, Notes of an Oriental 
Nataralist in Bengal, the Sikkim and Nepal Himalayas, the Khasia 
Mountains, &c Second Edition. Weodcuts. 2 vols. Post 8yo. IQs, 

HOOPER'S (Lieut.) Ten Months among the Tents of the Taski; 
with Incidents of an Arctic Boat Expedition in Search of Sir John 
Franklin. Plates 8vo. Us. 

HORACE (Works of). Edited by Dean Milman. With 300 
Woodcnts. Crown 8vo. 21*. 

(Life of). By Dean Milman. Woodcuts, and coloured 

Borders. 8vo. 9s. 

HORNER'S (Francis) Memoirs and Letters. By his Broiheb. 

Second Edition. Portrait. 2YoIs.8vo. 

HOSPITALS AND SISTERHOODS. Pcap.Svo. 5s. 

HOUSTOUN'S (Mrs.) Yacht Voyage to Texas and the Gulf of 
Mexico. Plates. 2 Vols. PostSvo. Zls. 

HUTCHINSON (Colonel) on Dog-Breaking; the most expe- 
ditions, certain^ and easy Method, whether great Excellence or only 
Mediocrity be required. TAirtl^tfion. Revised and enlarged. Woodcuts. 
Post 8vo. 9*. 

INKERSLEY'S (Thos.) Gothic Architecture in Prance ; Being an 
Inquiry into the Chronological Succession of the Romanesque and 
Pointed Styles; with Notices of some of the principal Buildings, and 
an Index. Svo. 12«. 

IRBY AND MANGLES' Travels in Egypt, Nubia, Syria, and 
the Holy Land, including a Journey round the Dead Sea, and through 
the Country east of the Jordan. PostSvo. 28. Qd. 

JAMES* (Ret. Thomas) Fables of ^sop. A New Version, chiefly 
from the Original Greek. With 100 Original Designs, by John 
Tknniel. Twenty-first Edition. PostSvo. 2*.6d. 

JAPAN AND THE JAPANESE. Described from the Accounts 

ofRecent Dutch Travellers. New Edition. PostSvo. Qs. 

JARDINE'S (David) Narrative of the Gunpowder Plot. Post 8vo. 

JERYIS'S (Capt.) Manual of Operations in the Field, for the Use of 
Officers. PostSvo. 9«. M. 

JESSE'S (Edwabd) Visits to Spots of Interest in the Vicinity of 
Windsor and Eton. Woodcuts. PostSvo. 12*. 

Scenes and Occupations of Country Life. With Recol- 
lections of Natural History. Third Edition. Woodcuts. Fcap. 8vo. 6«. 

Gleanings in Natural History. With Anecdotes of the 

Sagacity and Instinct of Animals. Eighth Edition. Fcap. Svo. 6s. 

JOHNSON'S (Dr. Samuel) Life : By James Boswell. Including 
the Tour to the Hebrides, with Notes by Sie W. Scott. Edited by 
the Right Hon. Johx Wilson Cbokee. Third Edition. 1 Vol. 
Portraits. Royal Svo. 15*. 

Lives of the most eminent English Poets. A New 

Edition. Edited by Peter Cunningham. 3 vols. Svo. 22*. 6rf. 
(Murray's British Classics.) 
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JOHNSTON'S (Wm.) England as it is : Social, PoUtical, and 
IndostrUl, in the Middle of the Idiheentury. 8 Vols. PostSvo. 18». 

(Kkith) Atlas of the United Stat.es, British and 

Central America, showing the Area and Population of the Free and 
Slaveholding States; with Plans of Cities, Seaports, «%c. Bj Pbof. 
RooBBS, of Boston, U.8., and A. Kkith Johxston, F.R.S.E. 27 Plates. 
Folio. 

JOURNAL OF A NATURALIST. Fourth Edition, Woodcuts. 

PostSyo. 9a. 6d. 
JOWETT'S (Rev. B.) Commentary on St. Paul's Epistles to the 

Thessalonians, Oalatians, and Romans. With Notes and Dissertations. 

Second Edition. 8to. 

KEN'S (Bishop) Life. By A Latman. Second Edition. Portrait. 
2 Vols. 8vo. 18«. 

Exposition of the Apostles* Creed. Extracted from his 

"Practice of Divine Love." New Edition. Fcap. 1«. 6(2. 

- Approach to the Holy Altar. Extracted from his ** Manual 



of Prayer" and " Practice of Divine Love." New Edition, Fcap. 8vo. 
U.6d. 
KING EDWARD Vlra's Latin Grammar; or, an Introduction 
to the Latin Tongae, for the Use of Schools. Tenth EdUion. 12mo. 8$. Sd. 

First Latin Book ; or, the Accidence, 

Syntax and Prosody, with an English Translation for the Use of Junior 
Classes. Second Edition. 12mo. 2$. 

KNIGHT'S (Chables) Knowledge is Power : a View of the 
Productive forces of Modem Society, and the results of Labour, Capital, 
and Skill. Woodcuts. Fcap.Svo. 79.6d. 

^ Once upon a Time. 2 Vols. Fcap. 8vo. 10*. 

Old Printer and Modern Press. Woodcuts. Fcap. 8vo. 5». 

KOCH'S (Profbssob) Crimea and Odessa; their Climate and Re- 
sources, described from i)ersonal knowledge. Map. PostSvo. lOi.dd, 

KUGLER'S (Dr. Fbahz) Handbook to the History of Painting 
(the Italian Schools). Translated from the German. Edited, with 
Notes, by Sib Chables Eastlakk. Third Edition. With Woodcuts 
from the Old Masters. 2 Vols. PostSvo. 30«. 

— (the German, Dutch, Spanish, 

and French Schools). Partly Translated from the German. Edited, 
with Notes, by Sib Edkund Hbad, Bart With Woodcuts fh)m the Old 
Masters. 2 Vols. PostSvo. 2is. 

LAB ARTE'S (M. Juibs) Handbook of the Arts of the Middle Ages 

and Renaissance. With 200 Woodcuts. 8vo. 18«. 
LABORDE'S (Lboh Db) Journey through Arabia Petrsea, to Mount 

Sinai, and the Excavated City of Petrsea,— the Edom of the Prophecies. 

Second Edition. With Plates. Svo. 1«». 

LAMBERT'S (Miss) Church Needlework. With Practical Renaarks 
on its Preparation and Arrangement Plates. PostSvo. Bs.Bd. 

Knitting Book. Woodcuts. Two Parts. l6mo. Is, 6d. 



each. 



Crochet Sampler. Woodcuts. Two Parts, 16mo. 4«. 
Hints on Decoratiye Needlework. 16mo. Is, 6d, 
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LAI^E'S (E. W.) Arabian Nights. Translated, with ExpUnatory 
Notes. With Wooicuts. Royal 8vo. 21». 

LATIN GRAMMAR (Ki»o Edward the VIth's.) For the Use 

of Schools. Tenth Edition. 12ino. At.6d. 

First Book (Kiiro Edward VI.); or, the Accidence, 

Syntax, and Prosody, irith EDglish Translation for Junior Classes. 
JS^eoond Edition. 12mo. 2a. 

LA YARD'S (A. H.) Nineveh and its Remains. Being a Nar- 
rative of Researches and Discoveries amidst the Ruins of Assyria. 
With an Account of the Chaldean Christians of Kurdistan ; the Yezedis, 
or Devil-worshippers; and an Enquiry into the Manners and Arts of 
the Ancient Assyrians. Sixth Edition. Plates and Woodcuts. 2 Vols. 
8vo. 86«. 



Nineveh and Babylon ; being the Result 

of a Second Expedition to Assyria. Fourteenth Thoutand. Plates. 
Svo. 2U. Or Fine Paper, 2 Vols. 8vo. 80«. 

• Popular Account of Nineveh. 15th Edition, With 

Woodcuts, ^ost 8vo. 65. 

Monuments of Nineveh. First and Second Series. 

Illustrated by One Hundred aud Seventy Engravings. 2 Vols. Imperial 
FoUo, lOi.lOtf.each. 

LEAKE'S (Col. W. Mabtin) Topography of Athens, with Remarks 
on its Antiquities; to which is added, the Demi of Attica. Second 
Edition. Plates. 2 Vols. Svo. dO«. 

— Travels in Northern Greece. Maps. 4 Vols. Svo. 60*. 

Disputed Questions of Ancient Geography. Map. 

Svo. 6*.6d. 

Numismata llellenica. A Catalogue of Greek Coins. 

With Map and Appendix. 4to. 63«. 

Peloponnesiaca : A Supplement to Travels in the Morea. 

Svo. 16«. 



Thoughts on the Degradation of Science in England. 

Sv(f. B$.6d. 

LESLIE'S (C. R.) Handbook for Young Painters. With lUustra- 
tions. Post Svo. 10s. 6d. 

LETTERS FROM THE SHORES OP THE BALTIC. By a 
Ladt. Post Svo. 28. 6d. 

Madras ; or, First Impressions of Life and 

Manners in India. By a Ladt. Post Svo. 2i.6d. 

Sierra Leone, written to Friends at Home. 



By a Ladt. Edited hy Mrs. Nobtok. Post Svo. 6a. 

Head Quarters ; or, The Realities of the War 

in the Crimea. By an Oppicbr of the Staff. 89&md Edition. 
Portrait of Lord Raglan and Plans. 2 vols. Post Svo. 2i«. 

LEXINGTON (The) PAPERS; or. Some Account of the Courts 
of London and Vienna at the end of the 17th Century. Edited by Hour. 
H. Manksbs SuTTOK. Svo. lU. 
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LEWIS' (Sir G. C.) Essay on the Government of Dependencies. 

Sto. 12s, 

„ Glossary of Provincial Words nsed in Herefordshire and 

Bome of the a4Joining Counties. 12mo. 4t. 6d. 

(Lady Theresa) Friends and Contemporaries of the 

Lord Chancellor Clarendon, illustrative of Portraits in his Gallery. 
With a Descriptive Account of the Pictures, and Origin of the Collec- 
tion. Portraits. 8 Vols.Svo. 42«. 

(M. G.) Journal of a Residence among the Negroes in the 

West Indies. Post 8vo. 2b. dd. 

LIDDELL'S (Dean) History of Rome. Prom the Earliest Times 
to the Establishment of the Empire. With the History of Literature 
and Art. Librart/ Edition. 2 Vols. 8vo. 28». 

SCHOOL HISTORY OF ROME. Abridged from 

the Larger Work. With 100 Woodcuts. Post 8vo. 7«.6d. " [t/hf/brm 
with Db. Wh. Smith's History of Gbkxcb]. 

LINDSAY'S (Lord) Lires of the Lindsays ; or, a Memoir of the 
Houses of Crawford and Balcarres. With Extracts from Official Papers 
and Personal Narratives. 3 Vols. 8vo. 42$. 



-Report of the Claim of James, Earl of Crawford and 



Balcarres, to the Original Dukedom of Montrose, created in 1486. 
Folio. 16*. 

(Rev. Hbkrt) Praclical Lectures on the Historical 

Books of the Old Testament 2 Vols. 16mo. lOs, 

LITTLE ARTHUR'S HISTORY OP ENGLAND. By Ladt 
Callcott. Eighteenth Edition. With many Woodcuts. Fcap. Svo. 
28. 6d. 

LiyiNGSTON*S (Ret. Dr.) Exploratory Journeys of a Missionary 
in South Africa, and across that Continent from West to East. Map 
and Plates. 8ro. 

LIVONIAN TALES.— The Disponent.— The Wolves.— The Jewess. 

By the Authorof "Letters from the Baltic." Post Svo. 2$.6d, 
LOCKHART'S (J. G.) Ancient Spanish Ballads. Historical and 

Romantic. Translated, with Notes. Illustrated Edition. 4to. 42$. 
Or, Popular Edition, Post Svo. 2«. 6d. 

Life of Robert Bums. Fifth Edition, Fcap. Svo. Zs, 

LOUDON'S (Mrs.) Instructions in Gardening for Ladies. With 
Directions and Galendnr of Operations for D^ery Month. Eighth 
EdiHon. WoodcDts. Fcap. Svo. 5«. 

Modem Botany; a Popular Introduction to the 

Natural System of Plants. Second Edition. Woodcuts. Fcap. Svo. 6«. 

LOWE'S (Sir Hudson) Letters and Joumals, during the Captivity 
of Napoleon at St. Helena. By William Fobbtth. Portrait 3 Vols. 
Svo. 45«. 

LYELL'S (Sir Charles) Principles of Geology; or, the Modem 
Changes of the Earth and its Inhabitants con^dered as illustrative of 
Geology. Xinth Edition. Woodcuts. Svo. 18s. 

Manual of Elementary Geology ; or, the Ancient Changes 
of the Earth and its Inhabitants illustrated by its Oeologteal Momunents. 
lyih Edition. With a Postscript. Woodcuts. Svo. 
-Visits to the United States, 184146. Second Edition. 



Plates. 4 Vols. Post Svo. 24«. 
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MAHON'S (Lord) History of England, from the Peace of Utrecht 
to tlie Peace of Yenailles, 1713— 83. Fourth Edition. 7 Vols. Sro. 98«. 

History of England 1713—83. Popular Edition, 7 Vols. 

Post 8to. 42«. 

— "Forty-Five;" a Narrative of the Rebellion in Scot- 
land. PostSvo. 8«. 
History of the War of the Succession in Spain. Second 

Edition. Map. 8vo. 16<. 

Spain tinder Charles the Second ; or, Extracts from the 

Correspondence of the Hon. Alexander Stanhope, British Minister at 
Madrid from 1690 to 1700. Second Edition. Post Sto. 68. Bd. 

— Life of Louis Prince of Cond6, sumamed the Great. 

Post 8to. 6«. 

Life of Belisarius, Second Edition. Post 8vo. 10*. 6d, 

Historical and Critical Essays. Post 8vo. 6s, 

— Story of Joan of Arc. Fcap. 8yo. 1*. 

Address Delivered at Manchester, Leeds, and Bir- 
mingham. Fcap. Svo. U. 

M'CULLOCH'S (J. R.) Collected Edition of Rioakdo's PoUtical 
Works. With Notes and Memoir. Second Edition, Svo. 16«. 

MALCOLM'S (Sia John) Sketches of Persia. Third Editim, 
PostSvo. 6«. 

MANTSLL'S (Gideon A.) Thoughts on Animalcules ; or, the 
Invisible World, as revealed by the Microscope. Second Edition. Plates. 
16mo. 65. 

MANUAL OP SCIENTIFIC ENQUIRY, Prepared for the Use of 
Officers and Travellers. By various Writers. Edited by Sib 
J. HsBSCBBii, Bart Second Edition. Maps. Post Svo. 10«. 6d. {Fub- 
liahed ly order of the Lords of the Admiralty.) 

MAEKHAM'S (Mrs.) History of England. From the First Inva- 
sion by the Romans, down to the fourteenth year of Queen Victoria's 
Reign, ^th Edition. Woodcuts. 12mo. Qs. 

History of France. From the Conquest by the Gauls, 

to the Death of Louis Philippe. G&th Edition. Woodcnts. 12mo. 6«. 

History of Germany. From the Invasion by Marius, 

to the present time. 6(^ Edition. Woodcuts. 12mo. 6«. 

History of Greece. From the Earliest Times to the 

Roman Conquest. With the History of Literature and ^rt. By Dr. 
Wk. Smith. Sevtnth Edition. Woodcuts. 12mo. 7a. Qd. (Questions. 
12mo. 2^.) 

History of Rome, from the Earliest Times to the 

Establishment of the Empire. With the History of Literature and 
Art. By Dbav Liddell. Woodcuts. 12mo. 7a. 6d. 

; Sermons for Children. Second EdiHon. Fcap. Svo. 8«. 



MABKLAND'S (J. H.) Remarks on English Churches, and Sepul- 
chral Memorials. Fourth Edition. Woodcnts. Fcap. Svo. 68. 6d. 

Reverence due to Holy Places. Third Edition, 



Fcap. Svo. 28. 
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MARRY AT'S (Josbpr) History of Modem and Mediseyal Pottery 
and Porcelain. With a Description of the MannGacture, a Glossary, 
and a List of Monograms. Second Edition. Revised. With additional 
Chapters and Coloured Plates and Woodcuts. 8yo. 

MATTHU)'3 (Augustus) Greek Grammar for Schools. Abridged 
from the Larger Grammar. B7 Blomfield. Bth Edition, Berised bj 
Edwa&ds. 12mo. St. 

MAUREL'S (Jules) Essay on the Character, Actions, and Writings 

of the Duke of Wellington. Second EdiHon. Fcap. 8vo. U. 6d. 

MAWE'S (H. L.) Journal of a Passage from the Pacific to the 
Atlantic, crossing the Andes in the Northern Provinoes of Peru, and 
descending the great River Maranon. 8vo. 12s. 

MAXIMS AND HINTS for an Angler, and the Miseries of 
Fishing. By Richard Pbnx. i^'ew Edition. Woodcuts. 12mo. 1«. 

MAYORS Pb.) Pathology of the Human Mind. Fcap. 8vo. 5s. 6cL 

MELVILLE'S (Hermann) Typee and Omoo; or. Adventures 
amongst the Marquesas and South Seas. 2 Vols. Post 8vo. 

MENDELSSOHN'S (Felix Babtholdt) Life. By Julis Bbnbdiot. 

8vo. 28. 6d. 

MEBRIFIELD (Mbs.) on the Arts of Painting in Oil, Miniature, 
Mosaic, and Glass ; Gilding, Dyeing, and the Preparation of Colours 
and Artificial Gems, described in several old Manuscripts. 2 Vols. 8vo. 
80«. 

MEREDITH'S (Mrs. Charles) Notes and Sketches of New South 
Wales, during a Residence from 1839 to 1844. Post 8vo. 2«. 6d. 

■ Tatfmania, during a Besidence of Nine Tears. With 

Illustrations. 2 Vols. PostSvo. 18*. 

MILLS (Arthur) On Colonial Constitutions. An Outline of the 

History of British Dependencies. Map. 8vo. 14«. 
MITCHELL'S (Thomas) Plays of Aristophanes. With English 

Notes. 8V0.—I. CLOUDS, 10».— 2. WASPS, 10*.-3. FROGS, 16». 

MODEBN DOMESTIC COOKBBY. Founded on Principles of 
Economy and Practical Knowledge, and adapted for Private Families, 
New Edition. Woodcuts. Fcap.Svo. 6«. 

MILMAN'S (Drak) History of Christianity, from the Birth of 
Christ to the Extinction of Paganism in the Roman Empire. 3 Vols. 
Svo. 86«. 

History of Latin Christianity; including that of the 

Popes to the Pontificate of Nicholas V. 6 Vols. Svo. 78«. 

Character and Conduct of the Apostles considered as 

an Evidence of Christianity. 8vo. IDs. 6d. 

Life and Works of Horace. With 300 Woodcuts. 

New Edition. 2 Vols. Crown Svo. 90m. 

Poetical Works. Plates. 8 Vols. Fcap. Svo. 18«. 

Fall of Jerusalem. Fcap. 8yo. 1«. 

(Capt. E. a.) Wayside Cross ; or, the BaiJ of Gomez. 

A Tale of the Carlist War. PostSvo. 28. Qd. 
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MONASTERY AND THE MOUNTAIN CHURCH. By Author 
of "Sunlight through the Mist." Woodcuta. 16mo. 4«. 

MOLTKE'S (Baron) Russian CampaigAS on the Danube and the 
Passage of the Balkan, 1828—9. Plans. 8yo. lis, 

MOORE'S (Thomas) Life and Letters of Lord Byron. Plates. 
6 Vols. Fcap. 8vo. 18«. 

Life and I^etters of Lord B3Ton. With Portrait and 

Vignette. One Volume. Royal 8vo. 12s. 

MOZLEY'S (Re 7. J. B.) Treatise on the Augustinian Doctrine of 

Predestination. 8vo. lis. 
Primitive Doctrine of Baptismal Regeneration. 8vo. 8«. 6d, 

MUCK MANUAL (The) for the Use of Farmers. A Practical Treatise 
on the Chemical Properties, Management, and Application of Manures. 
By Fbkderick Falkkkb. Seamd JEdition. Fcap. 8to. 6«. 

MUNDY'S (Capt. Rodnbt) Events in Borneo, including the Occu- 
pation of Lahuan and Visit to the Celebes. Plates. 2 Vols. 8yo. 82«. ' 

MUNRO'S (General Sir Thomas) Life and Letters. By the Rby. 

G. B. Glbio. Post 8vo. 6s. 
MURCHISON'S (Sir Roderick) Russia in Europe and the Ural 

Mountains; Geologically Illustrated. With Coloured Maps, Plates, 

Sections, &c. 2 Vols. Bo7al4to. 8{.8«. 

Siluria ; or, a History of the Oldest Rocks con- 



taining Organic Remains. With Map and Plates. 8vo. S0«. 

MURRAY'S (Capt. A.) Naval Life and Services of Admiral Sir 
PhiUp Durham. 8yo. 6s. 6d. 

MURRAY'S RAILWAY READING. Published occasionally; 
yarying in size and price, and suited for all classes of Beader^. 

[ 77ie following are published ;] 



Mahoh'i Joam ov Abo. 1«. 
Hbao'b EmsaAHT. 2«. 6<I. 

NiMBOD ON THB ROAD. 1«. 

WiLKiNSOif'a AnctKNT EeTFTiAirs. 12ff. 
Cbokbb on turn Quillotihb. U. 

HoiJ.WAT'l NOBWAT. 2«. 

Maobkl'i Wbllinqton. U.id. 
CAurBBLL'a LirB or Bacon. St. 
Thb FI.OWBB Gabdbh. 1«. 
LocKHABV*! SrANiaa Bai.i.a]>«. Sc.M. 



Wbuinbton. Br Lobd Ellbimbbb. 64I. 

NlMBODONTKB ChaIB, 1«. 

EiiATi BBoii "Tbb Timbs." 2 Voli. 8«. 

IfUlIO AND DbbIS. 1«. 

Latabd'b Account OB NiNBTBH. &«. 
If ilman's Fall or Jbboralbii. 1«. 
Mahon'i''Fobtx.Fivb.'' 8«. 
Lira or Thbodobb Hook. 1«. 
Dbbdi or Natal Dabino. t Vols. 5«. 

Taa HoHBT Bbb. 1«. 

Jamb«' Dior's Fablbb. S«. M. Lucab on Hibtobt. M. 

NiMBOB ON THB TUBB. 1«. M. BbAUTIBB OB BtBON. 3«. 

OUFKANT't NsrAOL. 3«. 6d. TatlOB's NOTBB BBOM LirB. 3«. 

Abt or DiNiNO. 1«. 6d. Rbjbctbd Abdbbsibb. 1«. 

Hallam's Litbbabt Biiati. 2«. ' Pbnn's Hints on AnatiNe. Is. 

MUSIC AND DRESS. Two Essays, by a Lady. Reprinted from 
the " Quarterly Beview." Fcap. 8yo. Is. 

NAPIER'S (Sir Wm.) English Battles and Sieges of the Peninsular 

War. With Portrait. PostSyo. lQs.M. 
. _ Life and Opinions of General Sir Charles Napier ; 

chiefly deriyed from his Journals, Letters, and Familiar GorreRpon- 

dence. Portraits. Vols. 1 and 2. Post 8yo. 24«. 



Administration of Scinde, under General Sir Charles 

Napier. Second Edition. Plates. 8yo. 16<. 

NAUTICAL ALMANACK (The). (PMished AnnmUy by 
Order of the Lords Commissioners of the Admiralty.) Boyal 8yo. 2s. 6rf. 
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NAY Y LIST (The Boyal). {Published Quarterly, by Authority.) 
12ino. ts.6d. 

NEWBOLD'S (LiBUT.) Straits of Malacca, Penang, and Singapore. 
2Vol8.8TO. 2e». 

NBWDEGATB*S (C. N.) Customs* Tariffs of all Nations; collected 
and arranged up to the year 1866« 4to. SOs. 

NICHOLLS' (Sir Gboroi) History of the British Poor : Being 
an Historical Account of the Engiisb, Scotch, and Irish Poor LaW : in 
connection with the Condition of the People. 4 Vols. 8yo. 

Tlie tpork may aho be had teparately : — 
History of the English Poor. 2 Vols. Svo. 28s. 
History of the Scotch Poor. Svo. 12#. 
History of the Irish Poor. Svo. 14«. 

NICOLAS* (Sir Harris) Historic Peerage of England. Exhi- 
biting, under Alphabetical Arrangement, the Origin, Descent, and 
Present State of every Title of Peerage which has existed in this 
Country since the Conquest Being a New Edition of the ** Synopnis of 
the Peerage." Revised, Corrected, and Continued to the Present Time. 
By WiLUAH CouBTHoPS, Somerset Herald. Svo. 80«. 

NIMROD On the Chace— The Turf—and The Road. Reprinted 
from the "Quarterly Review.** "Woodcuts. Fcap.Svo. Ss.6d. 

NORTON'S (Hon. Caroline) Letters from Sierra Leone, to Friends 
at Home. By a Lady. Edited by Mrs. Nobton. Post Svo. 6*. 

O'CONNOR'S (R.) Field Sports of France ; or. Hunting, Shooting 
and Fishing on the Continent. Woodcuts. 12mo. 78. 6d. 

OLIPHANT'S (Laurehob) Journey to Katmandu, with Visit to 

the Camp of the Nepaulese Ambassador. Fcap. Svo. 25. 6d. 
OXENHAM'S (Rev. W.) English Notes for Latin Elegiacs ; designed 
for early Proficiente in the Art of Latin Versification, with Pre&tory 
Boles of Composition iu Elegiac Metre. Second Edition. 12mo. 4*. 

PAGET'S (John) Hungary and Transylyania. With Remarks on 
their Condition, Social, Political, and Economical. Third and Cheaper 
Edition. Woodcuto. 2 Vols. Svo. 18«. 

PARISH'S (Sir Woodbine) Buenos Ayres and the Provinces of the 
Rio de la Plata. Their First Discovery and Conquest, Present State, 
Trade, Debt, &c. Second Edition. Map and Woodcute. Svo. 16f. 

PARKYNS' (Mansfield) Personal Narrative of Three Tears' Resi- 
dence and Adventures in Abyssinia. Woodcuts. 2 Vols. Svo. 80s. 

PEEL'S (Sir Robt.) MEMOIRS. Left in MSS. Edited by 
EABii Stanhope and the Bight Hon. Edwabd Cabdwell. 2 Vols. 
Post Svo. 7s. 6d. each. 

PEILE'S (Rev. Dr.) Agamemnon and Choephoroe of .ffischylus. 

A New Edition of the Text, with Notes, Critical, Explanatory, and 
Philological, for the Use of Students. Second Edition. 2 Vols. Svo. 
98. each. 

PENN'S (Riohard) Maxims and Hints for an Angler, and the 
Miseries of Fishing. To which is added, Maxims and Hints for a 
Chess-player. New Edition. Woodcute. Fcap. Svo. 1«. 

(Granville) Bioscope ; or, Dial of Life Explained. To 

which is added, a Translation of St. Paulinus' Epistle to Celantia, on 
the Rule of Christian Life ; and an Elementary View of General Chro- 
nology. Second Edition. With Dial Plate. 12mo. 12». 
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PENROSE'S (RxY. John) Faith and Practice ; an Exposition of the 
Principles and Duties of Natural and Revealed Religion. Post 8vo. 8». 6d. 

{¥,€.) Principles of Athenian Architecture, and the 

Optical Refinements exhibited in the Construction of the Ancient 
Buildings at Athens, from a Survey. With 40 Plates. Folio. 61. bs. 
{Publiahed under the direction of the DiUttOMti Society.) 

PERRY'S (SiE Erskini) Bird's-Eye View of India. With Extracts 
from a Journal kept in the Provinces, Nepaul, 4&c. Fcap. 8vo. ba. 

PHILLIPS' (John) Memoirs of William Smith, LL.D. (the Geo- 

logist). Portrait. 8vo. la.Qd. 

Geology of Yorkshire, The Yorkshire Coast, and the 



Mountain-Limestone District. Plates 4to. Part I., 209.— Part II., 30;. 

- Rivers, Mountains, and Sea Coast of Yorkshire. 
With Essays on the Climate, Scenery, and Ancient Inhabitants of the 
Country. Second Edition, \t\ih 2% ^\%ieB. 8vo. 15«. 

PHILOSOPHY IN SPORT MADE SCIENCE IN EARNEST ; 

or, the First Principles of Natural Philosophy inculcated by aid of tbe.Toys 
and Sports of Youth. Eighth Editum. Revised and enlarged. Wood- 
cuts. PoBt8vo. 98. 

PHILPOTT'S (Bishop) Letters to the late Charles Bntler, on the 

Theological parts of his " Book of the Roman Catholic Church ; " with 
Remarks on certain Works of Dr. Milner and Dr. Linfcard, and on some 
parts of the Evidence of Dr. Doyle. Second Edition. 8vo. 16s. 

PHIPPS' (Hon. Edmui^)) Memoir, Correspondence, Literary and 
Unpublished Diaries of Robert Plnmer Ward. Portiifat. 8 Vols. 8vo. 289. 

POOLE'S (R. S.) Horse Egyptiacse : or, the Chronology of Ancient 
Egypt, discovered fh>m Astronomical and Hieroglyphic Records upon 
its Monuments. Plates. 8vo. lOs. 6d. 

POPE'S (Alexander) WORKS. An entirely New Edition. Edited 
by the Right Hon. Johk Wilson Cbokbb, assisted by Pbtvb Cunning- 
ham, F.S.A. 8vo. In the Press. 

PORTER'S (Rbv. J. L.) five Years in Damascus. With Travels to 
Palmyra, Lebanon, and other Scripture Sites. Map and Woodcuts. 
2 vols. PostSvo. 2l8. 

(Mrs. G. R.) Rational Arithmetic for Schools and for 

Private Instruction. 12mo. Ss. 6d. 

PRAYER-BOOK (The Illustrated), with 1000 Illustrations of Bor- 
ders, Initials, Vignettes, <&c. Medium 8vo. Cloth, 21«.; Calf, Sis. 6d. 
Morocco, 42«. 

PROGRESS OF RUSSIA IN THE EAST. An Historical Sum- 
mary, continued to the Present Time. With Map by Abbowbmith. 
Third Edition. 8vo. 6s. 6d. 

PUSS IN BOOTS. With 12 Illustrations ; for Old and Young. 
By Otto Spkcktbb. A New Editum. 16mo. Is. 6d. 

QUARTERLY REVIEW (The), ffvo. 6s. 

RANKE*S (Leopold) Political and Ecclesiastical History of the 
Popes of Rome, during the Sixteenth and Seventeenth Centuries. Trans- 
lated froip the German by Mrs. Acstik. Third Edition. 2 Vols. 8vo. 24«. 



Digitized by 



Google 



28 LIST OF WORKS 



BAWLINSON'S (Rky. Gboboi) HerodotuB. A New English 
Version. Translated from the Text of Oaistord, and Edited with 
Notes, illustrating the History and Geography of Herodotus, from the 
most recent sources of information, embodying the chief Results, 
Historical and Ethnographical, which have been arriyed at in the pro- 
gress of Cuneiform and Hieroglyphical Discovery. Assisted by Colonel 
RAWLiNSONand Sib J. G. WiLKiiTBON. 4 Vols. Qvo. [In PrqpanUion, 

REJECTED ADDRESSES (Thb). By Jambs akd Horaok Smith. 
With Biographies of the Authors, and additional Notes, ^eto Edition^ 
leith the Auihor'B latest Correeiions. Fcap. 8vo. U., or Fine Papery with • 
Portrait. Fcap. 8ro. 6^. 

RENNIE'S (Jamks) Insect Architecture. To which are added 
Chapters on the Bavages, the Preservation, for Purposes of Study, and 
tlie Classification of Insects. Neio Edition. Woodcuts. Post 8vo. 

RICARDO'S (David) PoUtical Works. With a Notice of his 

Life and Writings. By J. K. M'Culloch. New Edition. 8vo. 16«. 

RIPA'S (Father) Memoirs daring Thirteen Tears' Residence at the 
Court of Peking, in the Service of the Emperor of China. Translated 
from the Italian. By Fobtukato Pbandi. PostSvo. 2a. Qd. 

ROBERTSON'S (Rbv. J. C.) History of the Christian Church, From 

the Apostolic Age to the Pontificate of Gregory the Great, a.d. 690. 

8vo. 128. 
Second Period, from A.d. 590 to the Concordat of 

Worms. ▲J>.1123. 8vo. 18*. 
ROBINSON'S (Rev. De.) Biblical Researches in the Holy. Land. 

Being a Journal of Travels in 1838, and of Later Researches in 1852. 

With New Maps. 3 Vols. 8vo. 36». 
*»* The " Later Reaearchea" may be had separcUely. 8w. 15». 

ROMILLY'S (Sib Samubl) Memoirs and Political Diary. By his 
Sons. Third Edition. Portrait. 2 Vols. Fcap.8vo. 12a. 

ROSS'S (Sir Jambs) Voyage of Discovery and Research in the 
Southern and Antarctic Begions during the years 1838-43. Plates. 
2Vols.8vo. 86a. 

RUNDELL'S (Mas.) Domestic Cookery, founded on Principles 
of Economy and Practice, and adapted for Private Families. New and 
Beviaed Edition. Wo«dcuts. Fcap. 8vo. 6a. 

RUXTON'S (Gboeob F.) Travels in Mexico; with Adventures 
among the Wild Tribes and Animals of the Prairies and Bocky Moun- 
tains. Post8vo. 6a. 

SALE'S (Ladt) Journal of the Disasters in Affghanistan. EigMh 

Edition. Post8vo. 12«. 

(Sib Robebt) Brigade in Affghanistan. With an Account of 

the Seizure and Defence of Jellalabad. By Bbv.G.B.Glbio. Post 8vo,2a.6d. 

SANDWITH'S (HxjMPHET, M.D.) Narrative of the Siege of Kara 
and of the Six Months' Resistance by the Turkish Garrison under 
General Williams, to the Russian Army. With Remarks on the Present 
SUte of Turkey. 7 th Thousand. Post 8vo. Za. 6d. 

SCROPE'S (William) Days of Deer-Stalking in the Forest of Atholl ; 
with some Account of the Nature and Habits of the Red Deer. Third 
Edition. Woodcuts. Crown 8vo. 20«. 

Days and Nights of Salmon Fishing in the Tweed; 

with a short Account of the Natural History and Habits of the Salmon. 
Second Edition. Woodcuts. Royal 8vo, Zla.6d. 
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SCROPE'S (G. P.) Memoir of Lord Sydenham, and his Administra- 
tion in Canada. Second Edition. Portrait. Svo. 9s. Qd. 

SEYMOUR'S (H. Danbt) Travels in the Crimea and along the 
Shores of the Sea of Azoff and the Black Sea. Third Edition. Map. 
8vo. 12#. *^ 

SHAW'S (Thos. B.) Outlines of English Literature, for the Use of 
Young Students. Post Svo. 12^. 

SHEIL'S (Ladt) Glimpses of Life and Manners in Persia. Wood- 
cuts. PostSvo. 12*. 

SIERRA LEONE; Described in a Series of Letters to Friends at 
Home. By A Ladt. Edited by Mrs. Mobtok. Post Syo. 6«. 

SMITH'S (Wm., LL.D.) Dictionary of Greek and Roman Anti- 
quities. Second Edititm. With 500 Woodcuts. 8to. 42». 

Smaller Dictionary of Greek and Roman Antiquities. 

Third Edition. With 200 Woodcuts. Crown 8vo. la.Qd. 



Dictionary of Greek and Roman Biography and My- 
thology. With 600 Woodcuts. 8 Vols. 8vo. tl.lbe.Qd. 

Dictionary of Greek and Roman Geography. With 

Woodcuts. 2 Vols. 8vo. 

— - Historical Atlas of Ancient Geography. 4to. 

[ In Preparation. 

Dictionary of Biblical Antiquities, Biography, and Geo- 
graphy. With Woodcuts. Svo. {In Preparation. 

Classical Dictionary for the Higher Forms in Schools. 

Compiled from the larger works. Third Edition. Sro. 16s. 

Smaller Classical Dictionary. Third Edition, With 

200 Woodcuts. Crown 8vo. 7s. 6d. 

Latin - English Dictionary. Based upon the Works 

ofForcelliniandFreund. Svo. 21«. 
Smaller Latin-English Dictionary. Square 12moI 7*. ^d, 

School History of Greece ; from the Earliest Times to 

the Roman Conquest With the Histoiy of Literature and Art. Seventh 
Edition. Woodcuts. Crown Svo. 7a. 6i. 

School History of Rome ; from the iJarliest Times to 

the Establishment of the Empire. With the History of Literature and 
Art By H. G. LiDDBLL, D.D. Woodcuts. Crown Svo. 7«. 6d. [Uni- 
/arm with DvL. Wh. Smith's Uistoby of Gbsecb.] 



Questions on Dr Wm. Smith's History of Greece. For 
the Use of Schools and Teachers. By Rxv. Chablbs Bickmo&b. 
Post Svo. 2a. 

Gibbon's History of the Decline and Fall of the 

Roman Empire. Edited, with Notes. Portrait and Map. 8 Vols. Svo. 
60«. (Murray's British Classics.) 

Student's Gibbon ; being the History of the Decline 

and Fall, Abridged. Incorporating the Researches of Recent Com- 
mentators. Woodcuts. PostSvo. 7a. 6d, 

(Wm. Jas.) Grenville Letters and Diaries, including 

Mr. Orehvillb's Diabt or Political Evbnts, while First Lord of 
the Treasury. Edited, with Notes. 4 Vols. Svo. 64«. 

- (Jambs k Horaob) Rejected Addresses. 2Zrd Edition, 
Fcap.Svo. la.,OT Fine Paper, with Portrait Fcap.Svo. 6«. 
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SOMBRVILLE'S (Mart) Phy^cal Geography. Third Edition. 
Portrait 2 Vols. Fcap.Svo. 12». 
Ck>imexion of the PhyBlcal Sciencea. EighSi 

Edition. Plates. Fcap.Sro. 10ff.6d. 

SOUTHBY'S (Robbbt) Book of the Church ; with Notes contain- 
ing the Authorities, aud an Index. Sixth Edition. 8vo. 12«. 
Lives ofJohnBunyan& Oliver Cwmwell. Post 8vo.2«.6c?. 

SPEOKTER'S (Otto) Puss in Boots, suited to the Tastes of Old 
and Young. A New Edition. With 12 Woodcuts. Square 12mo. U. 64. 

Channed R^e ; or, the Story of the Little Brother 



and Sister. Illustrated. 16mo. 

STANLEY'S (Edward, D.D., Bp. of Norwich) Addbessbs and 
Ghaboes. With aMemo^ of his Life. By His Sok. Second Edition. 
8vo. 10s. 6d. 

(Arthur P.) Commentary on St. Paul's Epistles to 



the Corinthians, with Notes and Dissertations. Second Edition. 2 Vols. 
8vo. 

— ._^ Historical Memorials of Canterbury. The Landing of 

Angnstine— The Murder of Becket— The Black Prince — The Shrine of 
Becket. Second EdUim. Woodcuts. Svo. 8^. 6^1 

Sinai and Palestine, in Connexion with their History. 

Third Edition. Map. Svo. ISs. 

ST. JOHN'S (Charles) Wild Sports and Natural History of the 

Highnmds. PostSvo. 6a. 
— : (Batlb) Adventures in the Libyan Desert and the 

Oasisof Jupiter Ammon. Woodcuts. PostSvo. '2^.6(2. 

STEPHENSON'S (George), Life. The Railway Engineer. By 

Samuel Smiles. Portrait. 8vo. In the Press. 

STOTHARD'S (Thos., K A.) Life. With Personal Reminiscences. 
ByMrs.BBAY. With Portrait and 60 Woodcuts. 4to. 21s. 

STREET'S (G. E.) Brick and Marble Architecture of Italy, in the 
Middle Ages. Plates. 8vo. 21s. 

STRIFE FOR THE MASTERY, Two Allegories. With lUnB- 

trations. Crown 8vo. 6s. 

SUNLIGHT THROUGH THE MIST; or, Practical Lessons 

drawn from the Lives of Good Men, intended as a Sunday Book for 
Children. By A Lady. Second Edition, 16ino. St. 64. 

SWIFT'S (Jonathan) Works. New Edition, based upon ; Sir 
Walter Scott's Edition, entirely revised. Svo. In Preparation. 

SYDENHAM'S (Lord) Memoirs. With his Administration in 

Canada. By G. Poulbt Sgbofe, M.P. Second Edition. Portndt Svo.'9s.6d, 

SYME*S (Jas.) Principles of Surgery. Fourth Edition, revised. 

8vo. 14*. 

TALBOT'S (H. Fox) English Etymologies. Svo. 12«. 
TAYLOR'S (Hbnrt) Notes from Life. Fcap Svo. 2s. 



(J. E.) Fairy Ring. A Collection of Stories for Young 

Persons. From the German. With Illustrations by Rtchabd Dotlb. 
Second Edition. Woodcuts. Fcap. Svo. 
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TENNENT'S (Sir J. E.) Christianity in Ceylcm. Its Introduction 
and Progress under the Portuguese, Dutch, British, and American Mis- 
sions. With an Historical Sketch of the Brahxnanical and Buddhist 
Superstitions. Woodcuts. 8vo. lis. 

THREE-LEAVED MANUAL OP FAMILY PRAYER; arranged 
so as to save the trouble of turning the Pages backwards and forwards. 
Royal 8vo. 2s. 

TICKNOR*S (Gborgb) History of Spanish Literature. With. Criti- 
cisms on particular Works, and Biographical Notices of Proininent 
Writers. Second Sdition. 8 Vols. 8vo. 24«. 

TOCQUEVILLE'S (M. de) State of France before the Revolution, 
1789, and on the Causes of tbat Event. Translated by Hb»by Keevb, 
Esq. 8vo. 14«. 

TREMENHEERE'S (H. S.) Political Experience of the Ancients, 
in its bearing on Modem Times. Fcap. Syo. 2s. 6d. 

\ Notes on Public Subjects, made during a 

Tour in the United States and Canada. Post 8vo. 10s. 6d. 

Constitution of the United States compared 

with our own. Po8t8vo. 9«. 6d. 

TWISS' (HoRACfB) Public and Private Life of Lord Chancellor Eldon, 
with Selections from his Correspondence. Portrait Third Editum. 
2 Vols. Post8vo. 21«. 

UBICmrS (M. A.) Letters on Turkey and i(fs Inhabitants— the 
Moslems, Greeks, Armenians, &c. Translated by Lady Easthope. 
2 Vols. PostSvo. 21*. 

VAUGHAN'S (Rev. Dr.) Sermons preached in Harrow School. 

8vo. 10«.6d. 
— "^QYT Sermons. 12mo. 5«. 

VAUX'S (W. S. W.) Handbook to the Antiquities in the Britis^i 
Museum; being a Description of the Remains of Greek, Assyrian, 
Egyptian, and Etruscan Art preserved there. With Woodcuts. New 
Edition. Po8t8vo.; 

YBNABLES* (Rev. R. L.) Domestic Scenes in Russia during a 
Year's Residence, chiefly in the Interior. Second Edition. Post 8vo. 5s. 

VOYAGE to the Mauritius and back, touching at the Cape of Good 
Hope, and St. Helena. By Author of " Paddiana." Post 8vo. 9*. 6d, 

WAAGEN'S (Dr.) Treasures of Art in Great Britain. Being an 
Account of the Chief Collections of Paintings, Sculpture, Manuscripts, 
Miniatures, &c. &c., in this Country. Obtained from Personal Inspec- 
tion during Visits to England. 3 Vols. 8vo. 86*. 

WADDINGTON'S (Dean) Condition and Prospects of the 

Greek Church. New Edition. Fcap. 8vo. Zs. 6d. 

WAKEFIELD'S (E. J.) Adventures in New Zealand. With 
some Account of the Beginning of the British Colonisation of the 
Island. Map. 2 Vols. 8vo. 28». 

WALKS AND TALKS. A Story-book for Young Children, By 
AtwtIda. With Woodcuts. 16mo. 5*. 

WARD'S (Robert Plxjmer) Memoir, Correspondence, Literary and 
Unpublished Diaries and Remains. By the Hon. Editund Phtpps. 
Portrait. 2 Vols. 8vo. 28». 
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WATT (Jamw) ; Origin and Progress of his Mechanical Inventions. 
Illnstrated by his CSorrenpondence with his Friends. Edited with an 
Introductory Memoir, by J. P. Muibhxad. Plates. 8 vols. Sto., 45». 
or Large Paper. 8 Vols. 4to. 

WBLLESLEY'S (Rbv. Dr.) Anthologia Polyglotta ; a Selection 
of Versions in yarioas Languages, ehiefly from the Greek Anthology. 
8vo, IBs. ; or 4to, 42«. 

WELLINGTON'S (Thb Dukb op) Character, Actions, and Writings. 

By JuLBS Maubbl. Second Edition, Is.Bd. 

^ Despatches during his various Campaigns. 

Compiled from Official and other Authentic Documents. By Col. 
. GUBWOOD, C.B. New Enlarged Edition. 8 Vols. 8vo. 21«. each. 

Selections from his Despatches and Oeneral 

Orders. Svo. 18». 

'■ Speeches in Parliament. Collected and Arranged 

with his sanction. 2 Vols. 8vo. 425. 

WILKIE'S (Sir David) Life, Journals, Tours, and Critical Remarks 
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